APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300100013-3

FOR OFFICIAL USE ONLY

JPRS L/9650
7 April 1981

USSR Report

. METEOROLOGY AND HYDROLOGY

No. 11, November 1980

FBIS| FOREIGN BROADCAST INFORMATION SERVICE

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

NOTE

JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
5 last line of a brief, indicate how the original information was
- processed. Where no processing indicator is given, the infor-
< mation was summarized or extracted.

: Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

- COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
MATERIALS REPRODUCED HEREIN REQUIRE THAT DISSEMINATION
OF THIS PUBLICATION BE RESTRICTED FOR OFFICIAL USE ONLY.

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

JPRS L/9650

7 April 1981

USSR REPORT
METEOROLOGY AND HYDROLOGY

No. 11, November 1980

Translation of the Russian-language monthly journal METEOROLOGIYA I
GIDROLOGIYA published in Moscow by Gidrometeoizdat,

CONTENTS

Wave Triplets in the Atmospheric Equatorial Zone..eeeeeecssoccesseococescscaseas 1

Model of General Circulation of the Atmosphere Used at the USSR
Hydrometeorological Centere.s.eceeeescssescnsesosesosssasssssssenssasssssscness 13

Use of Nested Grids Method in Three-Dimensional Atmospheric Model.eeseeeoeasaeae 25
Medium-Range Prediction of Hsgg by a Physicostatistical Method..eeeeeeeeseenssss 34

Simple Climatic Model of the Latitudinal Disttibution of Atmospheric
L =T o Y ) o Y . |

Experimental Investigations of Orographic Waves and Vertical Movements in the
Neighborhood of Krasnovodsk AirpOTrt.ee.sececsceeccoscsscesesssassoossssaoassanns 51

On the Problem of the Movement of Continental ICE.e.esesesssceeasscsscsncascssee 37
Bispectral Analysis of Sea Level Fluctuations;;..........,...;...........;...... 67
- Prediction of the Channel Process and Solutions of the ProbleMeeceeseeecoccececes 77

Reliability of Choice of Parameters of a Gamma Distribution in the Processing
Of RUNOFE DALA. e veeeresoscosenacesssossoasesssasrossossssnssssssnsasncesseens 87

liydrological Basis of a Plan for Protecting Leningrad From F1oodS...eeceeesssess 97

Method for Evaluating the Admissible Contamination of Water by Small Ships With

BN g NS e e etseenenenetenesoaceonssosssaseasasssncsnccsonnsassasacsasnsoansees 103

Evaluation of Accuracy in Computing Mean Soil Moisture Reserves in Rainy

- ) PETi0S et eereneeneeeoenecosotesoesanseoscaceseonsssasssossnssnseencsconnaeses 112

z -a - [IITI - USSR - 33 S&T FOUO]

FOR NEEICTAT TIQE NANTYV

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

Stochastic Dynamic Programming Method for Computing the Most Advantageous
Ship Navigation ROULES..eeeceveccrcnccacsassssssscsssscsssnsscsessesosossones

More on Evaluating the Accuracy in Measuring Water DischargeS..ceeeceescsscsces

Investigation of the Structure of a Fluid Flow in a Channel Using an Optical
Doppler Hydrometer.eseeueeeeceeacesscssossnsescsssssossascssassccssossonsonass

Forming and Development of the Theoretical Investigations of the Atmosphere in
the Studies of V. A, Khanevskiy (On the Hundredth Anniversary of His Birth)..

Review of Monograph by A. I. Lazarev, A. G. Nikolayev and Ye. V. Khrunov:
‘Optical Investigations in Space' ('OPTICHESKIYE ISSLEDOVANIYA V KOSMOSE' ),
Leningrad, Gidrometeoizdat, 1979, 256 PageSeeesecsssnssasssascacesscscnvccnse

Eightieth Birthday of Nikolay Fedorovich Gel 'mgol'tS.ceeeeceeesoocevoonsansosnss

Seventieth Birthday of Anatoliy Ivanovich KarakaSh..eeeeeeeocececcaoscsssssosas

Conferences, Mectings, Semlnarq;.

Notes From ADTYoad.eceeeeeesoesesesossoccoscscsosveccssosiaencsasasacsctoncnsnase

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

121

126
131

137

144
147
149
151

154



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

- FOR OFFICIAL USE ONLY

UDC 551.511.32(-062.4)
WAVE TRIPLETS IN THE ATMOSPHERIC EQUATORIAL ZONE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 5-15

[Article by Ye. M. Dobryshman, professor, Institute of Atmospheric Physics, manu-
script submitted 22 May 80]

[Text] Abstract: The existence of a triplet of waves,
which are in resonance interaction, is estab-
lished for a system of two nonlinear equations
relating the stream function and temperature in
a very simple model of circulation in a narrow
equatorial zone, The article gives an analysis
of interacting wave vectors and graphs of the
geometrical locus of polnts representing the
ends of pairs of vectors interacting with a
third, The soclution for the amplitudes of in-
teracting vectors in the wind and temperature
fields is expressed through elliptical Jacobi
functions. A comparison is given with a simpler
case -~ Rossby waves, being a solution of one
nonlinear equation.

More and more attention is being devoted to an investigation of nonlinear process-
es in the atmosphere. This is entirely understandable since it is primarily non-
linear processes which are responsible for the restructuring of circulation mech-
anisms of the most different scales. The general difficulties in study of nonlin-
ear processes are well known and therefore it need only be mentioned that virtual-
ly every nonlinear problem requires its own approach and the formulation of its own
solution method., True, the general nature of the nonlinearity of the equations of
hydrodynamics also makes it possible to employ some general procedures for solving
individual classes of problems. Among such classes is the problem of wave triplets,
that is, three waves with different compornents of the wave vectors which are in
resonance interaction -- there 1s an exchange of energies (the total energy of the
triplet is conserved). It can be noted at once that the solutions found are usual-
ly not absolutely precise; they are obtained using different approximations. The
most used variant is the weak interaction approximation, which will be discussed
below.

Within the framework of linear theory, or better said, linear approximation theory,
the amplitude and phase of each wave are independent characteristics of the pro-
cess and thus the waves do not interact with one another. Rossby waves are the most
important macroscale waves in the atmosphere. A single Rossby wave is a precise
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solution of the nonlinear vorticity equation (to be more precise, the projection
of the vorticity vector onto the vertical axis z) within the framework of quasi-
horizontality of motiomn, characteristic for processes of a synoptic scale every-
where except for a narrow equatorial zone [5]. Source [2] gave a general proced-
ure for seeking solutions of the nonlinear vorticity equation in the form of the
sum of noninteracting waves. This method was developed further in different as-
pects (see [3, 7]). The nonlinearity of the corresponding operator indicates the
existence of interaction between waves and in the 1960's studies appeared with
individual special solutions in the form of sums of speclally "selected" Rossby
waves in one way or another interacting with one another. An important step in
its theoretical aspects was [6], which gave a method for analysis of a resonance
triplet; the nonlinear part of the triplet is described by an ~nerator (¥, A% )
which is natural for hydrodynamics -- vorticity advection. Tn numerous subsequent
studies the method was refined and developed in the most different directions,
the most important of which, indeed, is a study of the interaction of two waves
with the zonal flow —- the "third wave."

The objective of the article is to demonstrate that in a more complex case, spe-
cifically for a system of two nonlinear equatlons describing the simplest models
of circulation im a narrow equatorial zone, resonance triplets can exist.

1. Formulation of problem. The simplest zonal models of small-scale processes,

that is, not dependent on the x-coordinate along the equator, are described by a
system of equations correct for a narrow equatorial zome [4];

L4 (5 Uy=0

a2\l R ar
4 =adp
3y

3 ' (1)
T
- T):—I‘—a)—‘-

i

Here t is time, y is the horizontal :oordinate, reckoned from the equator to the
north, z is the vertical coordinate, oc % 1/30 mesec~2:°C~1 is the buoyancy para-
meter, M~3.10"3 °Com~l is the {~.ameter of vertical atmospheric stability, U =
u —4Jy2/ro + 2@z is zonal angular moment, u is the zonal velocity component,
W= 7,29-10"5 is the angular velocity of the earth's rotation, rg = 6.37.10° m
is the earth's mean radius, ¥ is the stream function in the meridional plane,
so that v = -d¥/dz; w =d¢¥/Idy are the velocity components along the y and z
axes respectively, T is the deviation of temperature from a linear profile along
z; L

(4, 8)= %:‘.1‘ ‘%‘f‘ - %é‘%?."is a Jacobian,

[
A= T
It can be seen from system (1) that first of all, the movement is three-dimension-
al —- all three velocity compenents are different from zero, and second, U, aund

this means, u &z well, are decermined after finding the % and T functions.,

System (1), even in more general form, bas a number of solutions of the type of
waves superposed on some basic state characterized by constant values of the mer-
idional and vertical wind velocity components [5].
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We will attempt to find a solution of the system of equations

oM | . . oT. o . = _r9¢
ot W =g rtth NY=-T5 ah-
in the form N
N + —_ t
y=dy— Vz 4 L gpe’ (MY IR0 (2

k=1

CT=%T ei (Mpy+ npz—3p 1)
=1,
(all the parameters are constants).

After the substitution of (2) into the first equation of system (1') and shortening
by the factor i we obtain .

N N N
2 i . i( R .
Tooihe C Wi T omepet M X (Cnerg e Oy -
r=1 rol P )
; i) y ! .
“["‘V'{“"Z nyope k] ‘ Z(—m,p;"y,e iy = 3
LR 1=1 .

N .
=a Y mT, el )
A=

vhere P 12< = mlz( + nlzc is the square of the wave vector modulus,

( e=(mey + nyz2—3s4t).

Equating the coefficients on ei( )k, we obtain N expres»sion‘s

(3 —my V) by =0am, T, (=1, N). (4)

When multiplying the nonlinear terms it is necessary to examine two cases: when j =
k and j = k. In the first case the coefficients on the doubled frequencies become
equal to zero. For j 5= k it is possible to avold combination frequencies by re-
quiring that the coefficients on Vk, ‘/'j become equal to zero., These, it is easy
to see, will be as follows:

(px = 05)(my n; — m; ny).

&)

The first possibility
—pl=0=> n,=const=s

is of no interest (the same as with Rossby waves [3]). It leads to the trivial re-
sult
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2l
3k —
w=vey ®)

and thus the linear velocity of all the waves O y/my is one and the same.

The second possibility is:

my n;—m;n, =0.

)

The number of expressions (7) will be c2 = N(N + 1)/2; however, only N - 1 will be
independent. With N = 3 the number of iﬁdependent expressions will be equal to 2;
this circumstance will be used in the future.

: Substituting (2) into the second equation of system (1'), after similar calcula-
tions, we first obtain N expressions .

—m, V) Ty=Tm,%,
(s e V) Iy &7 8y

and second, N(N - 1)/2 expressions (,Uij (meni - mjng) = 0, that is, the same ex—
pressions (7), vhich can be represented in the form

my/n, = q==> pi = mi(l + ¢%).

Solving (7) and (8) jointly, we find

R armi ol - S al ’
(op = my V) = : =t a=m Vi) T+ ¢ ©)

and

. T
=z ]/T m V1 rqf (10)

Thus, there are waves moving along - .d against the flow; their linear velocity
relative to the flow O /m - V = i [v (1 + q2)/mk, all other conditions being
equal, is the greater the greater tne dimension of the wave along the meridian
(that is, the lesser the me valve'. The amplitude of the wave in the ¥ field,
first of all, is proportional to the amplitude of the wave in the temperature
field, and second, is the greater the lesser the q value, that is, the lesser the

- ratio of the wave length vertically to the wave length along the meridian. The
superposing of such waves can give a rather mottled pattern.

We emphasize that these wave solutions are precise solutions of a nonlinear system
of equations. However, the described waves do not interact with one another (there
is no energy ~xchange) and this means that one of the important characteristics of
virtually ai, norlipear process has not found its reflection in solutions deter-
mined by formulas (2)-(10). '

It is possible to find the interacting waves if it is noted that with N = 3 it is
- not mandatory to require ann..meunt of a fluctuation with the combination frequency
( )i+ ( )y. In this case there should be terms compensating the combination
frequencies. We introduce the hypothesis of weak interaction, namely that the am—
plitudes of the triplet lf/k, Txs; k = 1, 2, 3 are not great and slowly change with

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

- time so that the order of magnitude of the parameters d ¥ /dt, dTy/dt and the
quadratic terms ¢y ¢, 9’ij is identical.

We will seek the solution of (1') in the form

3 TR )
s=4—Vzt+ T Hel

-1

3 . (ll)
T=YT,() "' ™

k=1

Substituting (11) into (1'), we obtain (summation occurs everywhere from 1 to 3;
therefore, in the future the summation limits will not be indicated)

2(—0;;’_"—;;; el )”>+iEckp§'{Jke'( W 4T (= imyp2 )X

. i) . o i)y , 1z
cxiny e O Ve (V= Sing e M) S(—imypty et ) =
=iaf Tymye ¢
o . » i ). 1
Rl m T i smge ez e Y= A

! N N f N . , [’( )
) (= VEitny e O Sim T V= —TSim,pe’ b

The linear (final) terms give the expressions (4) and (8); we will not repeat them.
They determine the phase velocities of the triplet

op=myV+tm Va_[',’,ok (14)
and the relationship between the amplitudes of the waves

=k V“/_rrk/’?k- i (15)
In order to compensate the small terms it is necessary to require that each combin-

ation frequency, that is, the sum of two interacting frequencies ( )y + ( )i, be
equal to the third, for example,

(my+nz—ay t) + (May + naz—sgl) = (Nzy + N3z —3,1) (16)

and similarly ( Jo +( d3=( )13 ( )3+ ( )1=( ). Since the components of
the wave vectors my, nk can be of different signs, the same as Ok - mkV, without
loss of universality it is possible to write expression (16) and two expressions
similar to it in the simple form

{(mi+me+mg) y = (n)4ng+ng)z— (51 4+ 3,43, £] = 0.
Since this should be satisfied for any y, z and t, we obtain two expressions for
the components of the wave vectors
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my-m,+my=0
n+n,+n=0
an

and one expression for the phase velocities of waves

g, +6,+3;,=0. (17')

This synchronism condition, after the substitution (14) and allowance for the first
expression from (17), assumes the form

My 4 My by iy 0y =C. (18)

Thus, the triplet can be in resonance interaction only unde:r the condition that
their wave vectors and phase velocities satisfy expressions (17)-(18).

Fig. 1. Locus of points of ends of pairs
of vectors wi..ch can interact with the
vector (0, -1) (limiting case).

I1. Analysis of interacting wav~ sectors. On the plane of wave vectors (m, n) it
is necessary to find a trio of points which are related by formulas (17)-(18). We
note, first of all, that formulas (17)-(18) are symmetric relative to the sub-
scripts and since my and ng can have arbitrary signs it is sufficient to limit
ourselves to an examination of one quadrant, for example IV: mO0; ng 0 (see Fig.
1). For m<0 the picture will be a mirror reflection relative to the n-axis, for
n>0 -- relative to the maxis.

One of the victors, for example (m3, n3), should be stipulated and it is necessary
to find the .ocus of pairs of points (m, ny); (mp, ny), which can interact with
the stipulated vec.cr, The answer is ambiguous since there is not only one pair of
numbers, but a locus, and therefore with stipulated (m3, n3) for the remaining
four numbers there are only t“ree correlations. First we will examine a limiting
case when m3 = O and n3 1s arbitrary, that is, one wave is "infinite" in length

" i1long y. [Except for the case n3 = 0. With m3 = n3 = 0 in actuality there are two

waves in the solution (11), which, as ls easy to see, do not interact with one
another.] It follows from (17)-(18) that mj = my = O and the locus of the pairs
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of points is situated on the vertical axis (n); the pairs of points satisfy

the expression nj + ny = -n,j or —— m] = -my % 0, and then
/ mi + (~-n3 - n1)?¢ - \/mg + nz =0 ny = - 1/2n3,
that is, the pair of vectors interacting with the (0, -n) vector is situated sym-
metrically relative to the n-axis. Thus, the locus of the points in this case
involves two mutually perpendicular straight lines: one is the n—axis and the
other is a straight line parallel to the m—axis and separated from it by the dis-
tance n = -1/2 n3., Figure 1 shows these straight lines and examples of pairs of
vectors interacting with the vector (0, n3) and with n3 = -1, (If ng % -1, it
is necessary simply to change the scale by a factor of !n3|).

In a general case it 1s convenient to make an analysis of the system of equations
(7)-(18) in polar coordinates m =0 cos ¥, n =P sin §.

Now (17)-(18) are rewritten in the form
PLCOS Ty 4 PalUS By = — g COSPy 6 SINF, +pp SIN 3, = — py8inu)
COS %y + COF %y = — COS %y J (19)
The system (19) can be simplified by introducing the ratios P31/ 3 = X1; P1//,3
= Xy. (In the semse ¥1, X3>0). We obtain

%) COS @) T % COS 5y = — (08 2,4
%8I0 %, T mSing, = —sins, . (20)
COs %, 4 C0SE, = — COS %

The problem is reduced to the following: with a stipulated wave vector, lying on
a single circle, find the possible pairs of vectors ¥, ¥1; %y, 2, forming a
resonance triplet.

We will note some corollaries which follow easily from system (20); % and %, can-
not be of different orders of magnitude. Assuming the opposite (1<K 7L<<)£2) s We see
that X, cos Py = 0=>%)x+W/2 and ¥2 sin P20=>%y=0; T, that 1is, we obtain
a contradiction, If X9 <& 1, then X3 cos $y = -cos ¥3 and X) sin @y - sin ¥,
=y 2~1, This means that if one of the triplet vectors is small the other two in
abso%ute value will be close to unity. Then we will examine a case when k3, Xj3>
1. It is evident that this is possible only when cos ;= -cos P, and sin ¥ =~-sin
%2. It therefore follows that Po®R+ ¢ and that cos P3~03P3=+7/2, that is,
a pair of "large' wave vectors can interact only with a vector for which | m3| <
fn3 |, Then, by virtue of symmetry of the system relative to the subscripts™l and
2 the locus of the points will be a curve with two axes of symmetry. The curve

has four points in common with the circle © = 1. These points are arranged in the
following way: ¥3 +27/3 and + 3 +7. With ¥P3 =0 (m3 = 1; ny = 0) the second
pair of points merges into one —- the curve touches the circle on the outside.
With %3 = - /6 the points ¥, - 2m/3 and JI+ 903 merge —— the curve touches the
circle from the inside. Thus, with different %, angles the curves can pass

through one and the same points of the circle (two points), for example, for ¥3 =
- 17/18 and Py = -8/91 such points will be = 10/937 and ¥= 17/1837."

The first two equations of system (20) are a system of linear equations relative
to %1 and %,. Accordingly, the procedure for computing the locus of the points
of the ends of the pairs of vectors, interacting with given ( ¥3), is carried out
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most simply in the following way. Stipulating %P3 and 502, we will determine #;
from the third equation (there may be either two SOluthnS or none). This means
that the coefficients on and X, become known after Xxj and Xj (only posi-
tive solutions are suitable) are found using the formulas

—Sin (=) , _ _ sin(yn—q)
PTsin (@) T sin (= 30)
) As we saw above, the denominator can be close to zero only for %, =~ + /2 and

then @PrxPix=0or ¥Pr=¢¥1 + 7 ; this is the case which is close % b iimiting
case represented in Fig. 1.

Fig. 2. Locus of pairs of ends ;” vectors which can interact with a stipulated
Vector. The numbers of the four curves correspond to the numbers of the stipulat-
ed vectors. a) 1) ¥3 = 0°; 2) $3 = -30°; 3) $3=~60°; = -80°; 5) circle
of the radius r = 0.5 —- locus of centers of curves. The p01nt Z (p=T) is double,
where curve 1, corresponding to 9’3 0, touches circles of a unit radius from the
outside. The point B( ¥ = 7/6 @) is double, corresponding to ¥3 = - /6, touching
circles of a unit radius from within. b) 1) ¥3 = -80° (that is, curve 4 in Fig.
2a); 2) %3 = ~85.0°; 3) ¥3=-87.5%; 4) 9’ = -89.0°, For curve 4 the scales
are not adhe.:.d to Eor the length of the "lobes"' the numbers at the ends of the

- maximum diaweter indicate the approximate X and X, values. The dashed line

represents the limi.ing straight line n = 0.5.

It is easy to establish that -s in the case of Rossby waves [6], with $03 = 0 the
locus of the points is an oval curve; its minimum diameter lies on the m-axis and
is equal to 1; the maximum diameter is parallel to the n-axis and is equal to V3.

Figure Za shows the curves correspondingx to four ¢3 values. As indicated by com-
putations, the locus of the centers of the curves is a circle of the radius 0.5.

8
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With approach of ¢3 to - 17/2 the "lobes" are broadened and elongated, the "waist"
is narrowed, and at the limit with ¢P4>~77/2 the contours of the "lobes" tend to
occupy the values -— n-axis and the line n = 1/2, shown in Fig. 1, whereas the
"waist" is drawn to the point (0, 1/2). The tendency to a limiting value is slow,
as is illustrated in Fig. 2b, which, at a scale reduced by a factor of 5 in com-~
parison with Fig. 2a, shows curves corresponding to 3 values close to - /2.
_ With movement of the end of the stipulated vector for the unit circle from O to
- J7/2 the maximum diameter of the curve (the same as the minimum diameter) rotates
by a half-angle and when 3 = - /2 attains values /4. Thus, for the stipulated
) vector (mj, n3) (length of l) the pair of vectors is situated at the ends of the
- diameter of the corresponding curve, If the length of the stipulated vector (m3,
n3) is changed by a factor of [,, all the scales also change by a factor of ,O
- (In this sense and also for Rossgy waves the first three figures cited in [6] in
i actuality should duplicate one another; there is only a change in scales along
both axes, The fourth figure and its interpretation are not entirely precise,
_ which is associated primarily with the simplifications adopted in order to facil-
’ itate analysis of "very long" waves).

III. Analysis of amplitude functions. The "small" terms have remained in expres-
sions (12) and (13). Equating of these terms gives a system of nonlinear equations
- for amplitude functions. From equation (12) we obtain
_ ai,

ay L,
- bl T = [m2 ny, — my llo]('l -~ Pi) ) ;‘;;
.’"_‘Tij_ =|myn —myng (65— 3) i (21)
ﬂd ny — many | (g3 — 03) ¥, .
2 U8y = [m,n, 2l [y — 03) e ]

The expressions in brackets are equal to one another, as can be confirmed easily
by using expressions (17). (This is easily understood from "vector" considerations:
the triplet of vectors forms a triangle and each bracket is a result of the vector
product of two sides of the triangle, that is, i1s equal to double the area of the
triangle). Therefore, we will denote [ ] as a.

System (21) has two integrals which can contain arbitrary parameters. In order to
- obtain one mtegral we will multlgly the first equation by (A//‘f> 2/02 + B + C,Ol),
the second by (A//O p + B + CP%), the third by (A/P 2/02 Cp?%) and
add, On the rlght-—hand 31de we obfain zero and after 1n1]ieg%at10n we find the "con-
servation law" in the general form

h (-—L—— +B+Cn ) vi=const=M (o= e b =0), (22)
Pr-1 PRl
where A, B, C, M are constants., The latter is determined from initial data, that
is, with t = 0 IP shovld be known, and thus M is equal to the value of the sum
in (22) with the replacement of @2 by <ﬂ o+ With A = C = 0 expression (22) can be
_ interpreted as conservation of the "density" energy of the triplet, that is, the
sum of the energy of the waves, multiplied by the "area" of the wave vector (232),
- and with A = B = O (by analogy with Rossby waves) as conservation of "vorticity."
With A == 0 an interpretation is difficult. Such a great arbitrariness (three
free parameters: A, B, C) evidently is attributable entirely to the simplifica-
tion of the weak interaction, since for the initial system of equations (1') it
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is not possible to find the conservation law in such general form, In order to
obtain another integral we multiply the first equation by (ﬂl/(Pg -£ %), the
second by 9’2(P§ -p %) and subtract. After integration we obtain

014165 — 03) — 53 93°(p3 —p?) = N, = const. (23)

Combining in completely the same way, for example, the second and third equations,
it is possible to obtain the expression

— 03 93/(0% — 01)

+ 039 (5 — pd) = N = const. (23")
lowever, the integrals (22) and (23), (23') are linearly dependent, as is easily
confirmed, computing the rank of the matrix from the coefficients on 1[11%. It is
equal to 2.

Since with equal moduli of the wave vectors no energy exchange occurs, without lim-
iting universality it can be assumed that Pl>/02>/03. (This means that Ny> O,
Np>0). It follows from (21) that

"

‘1
B.— %
It is clear that if the sign on a ¥q ¥, ¢/3 is positive, then ¢ ¢ and 91123 increase
, -~ there is "suction" of energy from the middle to the outer wax}es; if ayg 1Y) ¢35 <

i Ay G 4y
da__h Tho BT o gay,
at n-e M -

0, the picture is the opposite —-- there is an increase in the modulus of the ampli-
tude of the middle wave at the expense of the outer waves. There can be no other
situations.

After this brief analysis it is possible to rewrite system (21) in one of two equiv-
alent forms (the parameters are dimensionless):

. (21")
or

A Wy oy e o — e N e
= ot B = N = e

(21"

Excluding Zr'l and 2;)'3 in any of these systems using expres;ions of the type (23),
which in dimensionless form are written 9/2 + 9)2 = P2; 9)3 + t/)z; Py, P2 are con-
stants, we obtain an equation for '9/2, leading t0 an €lliptical integral of the
first kind [1] F(</>\OL). [Py 5= Py; in the opposite case a divergent interval is ob-

tained. ] .
o d .
t - ta: \ —ﬁ-—’—‘—-————___%__: F(f\l)—F(?u\l),
ERCEITEE
kg Ul
wvhere

} To=aresind, P oz = arcsings, Pai (P, > P,): sinz =P, P,.

The subscript O denotes the value at the initial moment.
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Now it is easy to compute ¥{ and ¥/, using the formulas for P2 and P2, In order
to simplify the computations and for“greater clarity we assume” for theé initial
wment tg = 0 and ¥y, = 0. Then the solution for ¢,, %, and %3 acquires an es-
pecially simple form when using elliptical Jacobi functions. Specifically

U, == Pydn (¢lay §, = Pysn (£l a); b= Pyen(t]e)

)

*
1] 1

) il

[

.ﬂ',-

Fig. 3. Curves of change of amplitude functions with time (the parameters are di-
mensionless). 1) lﬂl; 2) 9}3; 3) ¢

Figure 3 shows y . curves for Py/Py = 0.8, If at the initial moment tg 1/20 %+ 0,
in Fig. 3 the t-axis must be displaced to the right by the t; valre, and beginn-
ing the reading from the moment tp, the curves are continued to a complete doubled
period of the elliptical functions (with selected values of the parameters to 9.0

: + tg). The vertical dashed line shows an example when witht= tg {p3=0.6 and
d¥s/dt<o.

It remained to analyze the behavior of the amplitude functions for temperature
waves. Using (13) we obtain a system of three linear differential equations for
three functions

dT,
25 S man; b Ty—myny 3, T,

- and two similar equations with a cyclic replacement of the subscripts. Although
the system is linear, the coefficients on the right-hand sides are elliptical

- functions and therefore it is difficult to integrate it as a linear system. It is
simpler to use the correlation between Yy, and Ty (15) and obtain a system of non-
linear equations which now will be easy to integrate:

- aTy _ v/ [ mem _ man
T;_Va,r[T e ]rarz

(24)
(and two similar systems). Since mk/0y = Ok, and O”k conform to the synchronism
condition (17'), it is easy to establish that one and the same number will stand
in the brackets for all three functions. Thus, with an accuracy to one and the same
factor for all three functions Ty the system of nonlinear equations for T is the
same as for l}/k. The system (24) has an integral dependent on the parameters A

- and B. Multiplying each of the equations (24) by AT, + By} and adding, we obtain

11
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S (AT; + BTy o) =const =L (47} + BTro¥ro),

where the subscript O denotes the values at the initial moment.

After introducing the dimensionless parameters, system (24) assumes precisely the
same form as (21') or (21") with the replacement of ‘t/k by Tk, and this means that
its solution can be obtained simply from the solution for Vk' ’

k%

Since wave triplets have been theoretically substantiated for waves of different
nature, it is desirable to develop a common method for processing the observation-
al data on the wind and temperature fields so that, on the one hand, the theory is
reinforced, and on the other hand, so that the physical picture of nonlinear inter-
action of atmospheric processes will be refined. Americen meteorologists propose
that correlation coefficients between the wave parameters be used for finding the
interacting triplet of Rossby waves. Along these lines the finding of a triplet in
the equatorial atmosphere requires greater care and involves more complexities than -
in the case of Rossby waves in accordance with the model in [6]. It can be shown
that the tripic’. of Rossby waves can exist against a background of a zonal con~
stant flow.

Note. Equations (17) are universal for any model of weak interaction in hydrody-
namics since they are generated by the operator (¥,4%). This determines the topo-
logical nature of the locus of points —— the triplet of vectors forms a triangle;
two vectors (in absolute value) are clcse, because it follows from (20) that [¥#9 -
%1|<l. The specific form of the curve is determined by the phase velocities, that
is, by the specific formulation of the problem.
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UDC 551.(513:509,313)

MODEL OF GENERAL CIRCULATION OF THE ATMOSPHERE USED AT THE USSR
HYDROMETEOROLOGICAL CENTER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 16-26

[Article by I. V. Trosnikov, candidate of physical and mathematical sciences, USSR
Hydrometeorological Scientific Research Center, manuscript submitted 28 May 80]

[Text] Abstract: The article describes a finite-differ~
ence model of general circulation of the atmosphere
developed at the USSR Hydrometeorological Center.
Basic information is given concerning the model:
system of equations, spatial and temporal discret-

- ization, interpolation method. The model takes in-

to account the principal physical processes forming
the circulation: radiatlon, interaction with the
underlying surface, turbulent mixing. The hydrolog-

_ ’ ical cycle, including the accumulation of water in

the soil and the formation of the snow cover, is
taken into account quite fully. The results of a
numerical experiment for the modeling of January

- circulation are given.

1. Introduction, At the present time the numerical modeling of macroscale atmospher-
ic processes is one of the principal methods for investigating gemeral circulation
of the atmosphere and also its evolution in the past and future. Using models of
general circulation of the atmosphere it is possible to study the interaction of
processes at different scales, synthesize into a unified picture the diverse and

far from complete observations and using these data predict the future state of

the atmosphere, Such a broad circle of problems, solvable by means of numerical
models, determines their great diversity because a new problem can require modi-
fication of the entire model. At the same time, models of general circulation of

the atmosphere have common structural and organizatiomal characteristics., This

makes it possible to have a common program "core" on the basis of which different
variants of the model can be formulated. At the USSR Hydrometeorological Center

specialists have developed such a program "core," including packets of control and
- servicing programs. It has served as a basis for creating several variants of a
: model of genmeral circulation of the atmosphere. The following sections give a de-
scription of one of them, applied using the CDC-172 computer, and the results ob-
- tained in the reproduction of January eirculation in the northern hemisphere.
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2. Description of Model
2.1. Notations and System of Model Equations
2.1.1. List of notations

p is pressure, t is time, A is longitude, ¥ is latitude; C is the rate of condensa-
tion. The quantity of condensing moisture per unit mass of dry air per unit time;
cp is the drag coefficient; DY are the influxes of momentum (x=V), heat (x=T)
and moisture (x = q) to a unit air mass per unit time caused by horizontal turbu-
lence (y = H) and vertical turbulence (y = V); E is the evaporation rate. The quan-
tity of water evaporating from a unit surface in a unit time; f=22sin® is the
Coriolis parameter; Fj 1s the flux of outgoing long-wave radiation at the upper
boundary of the atmosphere; Fg is the flux of short-wave solar radiation at the
upper boundary of the atmosphere; Fy is the effective long-wave radiation of the
earth's surface; F§ is the total short-wave radiation at the earth's surface; H
- is the turbulent heat flux at the earth's surface; k is a unit vector normal to
the earth's surface; ky, k'M, k"M are horizontal turbulence coefficients; ky is
the coefficient of vertical turbulencej h is the moisture content of the soil. The
quantity of water in the meter layer of soil of a unit area; m is the rate of snow
thawing. The quantity of thawing snow in a unit area in a unit time; n is the
tenths of cloud cover; q is the mixing ratio; q, is the mixing ratio for surface
- air; QRC is the energy influx to a unit air mass, governed by radiation and con-
vective processes; P is precipitation. The quantity of water falling on the earth's
surface per unit area and unit time; pg is pressure at the earth's surface; R = Fg
1-x,) = FL is the radiation balance at the earth's surface; S is the depth of
the snow covér. The quantity of snow per unit surface, determined as the equiva-
lent quantity of water, multiplied by 10; 8 is the intensity of falling of the
snow. The quantity of snow falling on a unit area in a unit time; T is air temper-
ature; T, is temperature of the surf- e air; Ty is temperature of the ground sur-
face; t, 1s the relaxation time of radiation processes; V is horizontal wind velo-
_ city; u is the V component directed along A3 v is the \5) component directed along
- 3 Vg 1s the velocity of surface air; Soon L

e Vip) =7\ Vp

is integral velocity; z is the altitude of the isobaric 0sux'face; zp is altitude of
the tropopause;® is planetary albedo; &g is the albedo of the underlying surface;
§X s8¢ 5 p, J t are the discretization intervals in space and time; V (x)
is a step function equal to zero when x£0, equal to unity when x>03 €1is the vector
of frictional stress; T4, Ty are the components of the T vector directed along A
and ¢; @ = T(pg/p)* is potential temperature; &= dp/dt is vertical velocity in a
p-coordinate system; a = 6.37-10% m is the earth's radius; cp = 1005 J/ (kgeK) is
- the specifi heat capacity of dry air at a constant pressure; c, = 718 J/(kg*K)
is the specific henr capacity of dry air at a constant volume; g = 9.81 m/sec
is the acceleration of frce falling; L = 2.501-106 J/kg is the latent heat of con-
densation of water vapor; pp = 1000 mb is standard pressure; R = 287 J/ (kg*K) 1is
the gas constant of dry ailr; sy = 461.5 J/ (kg.K) is the gas constant of water
vapor; Ym = 6.5°C/km is the 2tandard vertical temperature gradient; »= R/cp =
0.288; o= 5.67°10~8 W/ (m2+K*) is the Stefan-Boltzmann constant; .Qv= 7.29.10°3
sec~l is the angular velocity of the earch's rotation.
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2.1.2, System of Equations
K =F (X, V) +F, (X, V) +Q,

Ay
o—p_.G.‘(,
—pevy o2y ~fR XV —gys
RT w
w7
-y VT — 00p oep
owgq
F1= _v.\’q-. dp ’ F2= O »
0 0
- 0 0
0 —‘V'ps\:(p.i)
D%+ DY
DY+ DY + (Qpc + LCVic,
He DV & -y 0 000 O
- Q= Df+ Dy — , G=|| 0—Rigp0 00 0|
. (1 =v{(s)(P—E)—0,1m 1 0 0000
. $—10E-m . -
- 0
\Y
r @ DH,ri
- _ 9 -z Div= “ i,
R L3 e Y D"’“"
_ S \
- Ps |
- ' 1 ouX duX cos »
| v.vx-_-ms.?(l,,—Aw— =),
! 0X 1 oX
X = (s S T'«Tw—)
' 1 1 ®#X, & . oX
szaﬁcosv(cosym-FT;COS?W)'

2,2, Vertical Structure of Model

Figure la shows the vertical structure of the model and the method for stipulating
B the sought-for variables. In those cases when it is necessary to predetermine the

function at the level where it has not been determined this is done by linear in-
terpolation.
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Fig., 1. Grid region. a) vertical structure of model; b) latitude-longitude grid of
"~ model.

2.3, Integration Region

The integratlo. of the model equations is carried out in a latitude-longitude grid
determined by the parameters: NF = 18 is the number of latitudes, ML = 32 is the
number of longitudes (Fig. 1b). The grid points whose indexing is determined by
the number of the latitude i and the number of the longitude j, have the coordin-

arest 2= 90° + (12 =) 3%, i=1,.. ., NF;
A= — 1800+ (j— ) dn j=1,.. . ML
where § ¥ = 5°, § A= 11.5°.

2.4, Boundary Conditions

At the upper boundary of the atmosp-ere with p = O it is assumed that vertical vel-
ocity @, integral velocity V and the fluxes of momentum, heat and moisture become
equal to zero. The fluxes of mouentum, heat and moisture are stipulated at the un~-
derlying surface with p = pg.

At the lateral boundaries along A natural periodicity conditions are assumed and
along ¥ are assumed in the zone azlatp = 0, together with limitation of wind velo-
city; at the equator J z/dg = 0 and v = O.

2.5. Spatial Approximation

In approximating (he model system of equations use is made of finite~difference
formulas making 1t possible, in the case of absence of fluxes and internal sources
at the lateral boundaries, to "coiserve" the quadratic integrals [9, 11]. In the
notations generally employed ' : the meteorological literature

=y 1 s
=5 @+ e p) La=a,0—0,_

these expressions can be written as follcws:
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x _ L X a  OXcosy b, (X¥ cosg)
-1 = —5—+ 0 @3, e = : + O (¥9?),
. 0XY cosg T, (X F5cos 9) oxY 3, (X7 -
_ o9 £ o% +0 (8?2); - ) + O (8\3),
) dw X By (0 XP) ..
=2 + 0 (3p2).

2.6, Time Integration

dap vp

For time integration of the model equations use is made of a modified Euler itera-
tion scheme proposed in [101.

X* =Xt Lo (Ft+F}),

Xt =Xt 43t (1 —w) Fr+ @, F)) +22 (1 ~ w,) F? + @, F,),
where k 1s the number of the time interval, d t is the time interval, equal to 15
minutes. [The author expresses appreciation to Doctor I. Kurihara, who directed
his attention to this integration method.}

The weights wi and w, are equal to 0.506 and 3.0 respectively.

2.7. Filtering

Fourier filtering of the V, T and pg fields is used in suppressing the parasitic
modes arising in the integration of the model.equations, especially in the polar
regions, which is associated with the closer spacing of the grid points and with

a given time interval impairment of the computational stability condition. In the

filtering of wind velocity first there is transformation from the spherical com
ponents of the velocity vector to the velocity components in the stereographic

plane

4= —usin) — VYCosh,

v =ucosh— vsinh

After filtering there is reverse transformation to spherical components. The fil-
tering parameters are similar to those used in [6].

2.8. Physical Processes

2.8,1. Macroturbulence

The macroturbulent cxchange of momentum, heat and moisture by small eddies, which
cannot be described by the finite-difference scheme in the model, is taken into ac—
count on the basis of very simple hypotheses concerning the nature of the macro-
turbulent regime of the atmosphere and its inclusion in the model was selected in

the form described in [8],

Dl =rkY du, DY =k% Ao, DH=4kT AT, DF = ki Aq,

k= ky| Aut

- kjlll:kﬂl-'\‘ul’ k_{,-:k,’,|_\T[, kqu:k')liqli

where kj = 1013 m3, and k' and k"O are selected at each latitude from the condi-
tion that the mean value of the corresponding coefficient of macroturbulent ex-
change at this latitude is equal to the mean value (kg + kﬁ)/z.

-17
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2.8.2. Vertical Diffusion

" The change in momentum, heat and moisture caused by vertical turbulent mixing are
determined by the following formulas:

I 4 u | ] v

Ve —_— V- —_
Du 0 0 -"kV vz [ I71 ‘kV dz '
1 d 1] . t a dg

v—_ ' 9 v L 9
bi= p Oz LI dz ’ Dfl oz sk, dz

where the coefficient of vertical turbulence kv = 10 m2/sec in the lower tropo-
sphere and zero above.

2.8.3. Fluxes at the Underlying Surface

Frictional stress, the fluxes of heat and moisture at the underlying surface are
determined using the formulas

= = ocpu| Vil Ve .

H=p cpe,|V,| (T, = Ta,
[B = air]

E.:_OCD ‘Val(Q;(Ts) — qs) 3

For determining evaporation the surfare mixing ratio of air qg is determined as:

g (T g (py T,) over the ocean

L(TeeTy)

[B = air] 9TV =g"p. To) (‘ TR, T over the land

and the mixing ratio with a saturation corresponding to a particular pressure and
temperature is determined using the Magnus formula

TH3 T — 2
10 I -3

3.7942
——
for pressure, expressed in millibars and temperature, expressed in °K. The deter-
mination ¢f the ﬂ coefficient is given in the next section. The drag coefficients
cpy and cp are uotermined using a scheme proposed in [5].

g*ip, Ty=

L.DH___U'OOQ' +1,2 -10-5 ¢, over the land

C[)lf;—_- 0,001 (1 +0,07|V,|) over the ocean
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-

- cp=cppl1 =T8T |V)), 4if 4T

Tg = Ta4r < 0

¢p=Cpy (L + VSTV,  2f 4T

Ts = Tair 2 0.

In these formulas zg is the elevation of the terrain above sea level in meters.
Since the drag coefficients are dependent on surface wind velocity and the tem—

perature jump, these values in the computations are taken from the preceding time
interval,

The wind velocity, temperature and humidity in the surface layer are determined on
the assumption that in the lower layer of the model there is no accumulation of
momentum, heat and moisture (see [5]).

2.8.4, Hydrology of the Land

A scheme proposed by M. I. Budyko [1] is used in determining evaporation from the

land surface. With a soil moisture content m greater than half the critical value

We = 150 kg/m2 ~- the maximum quantity of water which can be stored in the meter

soil layer, evaporation does not differ from the evaporation from the water sur-

face. With lesser m values the evaporation rate decreases, which is determined by
. the ﬁcoefficient:

}9 = 1 with mz» n./2, B=2 m/me with m<m./2.

The moisture content of the snow-free soil is determined by integration of the
equation for m in the main system of the model. In a case when the soil is covered
with snow the change in soil moisture content is determined only by the melting of
the snow, o :

—_—m,

ot
and the coefficient ,B= 1/2.

The melting of the snow is dependent on the temperature of the surface air: = 0
with T,, <0°C and #h = 51077 (Taiy ~ 273) with Taiy> 0°C.

Tlﬁle surface of an ice-covered ocean is dealt with in the same way. In this case
= 0,25,

2.8.5. Determination of Temperature of the Underlying Surface

- The temperature of the ocean surface is assumed to be stipulated and the tempera-
ture of the underlying surface of the land and sea ice is determined from the heat
balance condition: R = A + LE. Since H and E are linearly dependent on Tg, then

R—H(T%)—LE (T})
- = 5By’
T;'{"Pf‘pl\'slcl)(l + gﬂ-——ﬁ\)

k=1 — TR
Thov= TH—
5

C,, RpTB 7

where k is the number of the time interval.
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2.8.6, Macroscale Condensation

Macroscale condensation processes are included in the form of a modification of

the following algorithm: condensation occurs in those squares of a spatial grid

in which the value of the mixing ratio exceeds some fraction € (in the experiments
85%) of the mixing ratio at a saturation corresponding to the pressure p and the
temperature T in the grid square q* (p0,» Tp). Assuming that the energy released

in this case 1s expended only on a change in alr temperaiure, then the process
itself transpires up to the time when the new temperature Ty and humidity qy

values satisfy the relationship qy = Erq (Po» TN) Thus, in the course of the pro-
cess the energy released will be equal to cp('l‘ -Tg) - Equating this expression to the
energy equivalent of the released m01sture, we obtain the equation

- C,:(TN - To)ZL(%—“]" (TN ))-

. For its solution in each time interval use is made of one iteration by the Newton-

Rafson method L "
= (£q" (7o) ~ g0):2
‘p

- Ty =Ty — SETET
N o L+ 4251,63

_ANLE 7y
- ro—an -4 U

where k is minimum, making it possible to satisfy the condition
Cit=go—:9*(Ty)=0.

All the condensing moisture falls in the form of liquid precipitation or smow if
the mean temperature in the lower layer of the atmosphere with a thickness of 340
m is below 0°C. This temperature is determined by linear interpolation using the
temperature values at the lower level of the model and in the surface layer.

2.8.7. Radiation

The heat influxes to a unit air mass.as a result of radiation and convective pro-
cesses are computed by the method described in [4]. At the p level these influxes
are determined using the formula

P;
Ao ‘e 1
QI.'!: - ( Ps j

where T* = Taiy = sz with z& zp and ™ = Tair — Ym zp with z>zp. The altitude of
the tropopause is stipulated as dependent on latitude. The relaxation time ty of
the radiaticn processes 1s assumed equal to two weeks. The radiation fluxes are
computed u ‘ag the following formulas:

s

the flux of long-wave radiation passing through the upper boundary of the atmo-
sphere [3]

[B = air] F; =a4-bTy—(a1+b,Ts)n,

where a = ~800, b = 4.667, a; = 810, by ~ 3.333 are empirical coefficients (the
dimensionality of the flux is cal/(cmz-day))
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the total short-wave radiation at the underlying surface is
Fs=07 F, (0,29 + 0,71 (1 —un));

the effective long-wave radiation of the earth's surface is

[B = air] Fl=oT3(4(T,—T,) + T, ((0,25 — 0,004 p,(g, + 0,623))(1 — cn?),

where c are empirical coefficients dependent on latitude [1].
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Fig. 2. Temporal change of the mean (for the entire atmosphere) zonal (a) and eddy
(b) components of specific kinetic energy.
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- Fig. 3. January mean latitudinal distributions of meteorological elements. a) zon-
al velocity (m/sec) in model and b) according to [12], c) vertical veloeity in
model (dimensionless) and d) according to [12] (10~lmb/sec), e) temperature (°C)
in model and f) according to [12].
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3. Numerical Experiment

Below we give some results of modeling of January circulation of the atmosphere in
the northern hemisphere. As the initial conditions in the experiment we selected
the fields of meteorological elements for 4 November 1969 [7]. The "boundary" con-
ditions were fixed and corresponded to January: temperature of the ocean surface,
Zonal flux of solar radiation at the upper boundary of the atmosphere, surface al-
bedo and tenths of cloud cover. Thus, the formation of January circulation proceed-
ed from a state of the atmosphere corresponding to autumn conditions and transition
to winter required about 1 1/2 months of model time. The presence of two circula-
tion regimes -—- transitional and quasistationary -~ can be seen in Fig. 2a. It
shows the temporal variation of the specific zonal kinetic energy averaged for the
entire atmosphere. Its rapld increase during the first 45 days was associated with
the transition from autumn to winter circulation.. The further small temporal trend
is associated with the slow cooling of the upper layers of the polar atmosphere
continuing in the experiment. Figure 2b shows the behavior of the eddy part of the
kinetic energy. Here one should note the first 20 days, when adaptation to winter
conditions took place, after which a cyclogenesis-anticyclogenesis regime was estab—
lished in the mc jel. One should also note the relatively high level of the ratio of
the zonal part .I the kinetic energy to the eddy component.

fMalcym Pa/day
g0

Nalcym »
S fb)/'
- L ]
0 - - Y. v '\’(7~ .
100 ¢
Joor
-200t
)
100
-4g0%
J00+ 100
100 - 0
e L]

i .
g0 60 40 20 ¢

-190

Fig. 4. January i 'an latitudinal fluxes. a) radiation balance at the upper boundary
of the atmosphere ac.ording to model (1) and according to [13] (2), b) radiation
balance at the surface according to model (1) and according to [1] (2), c) precip-
itation according to model (1° and according to [1] (2), d) evaporation according to
model (1) and according to [1] (2), e) thermal flux according to model (1) and ac—
cording to [1] (2).

The mean characteristics of Jaunuary circulation, reproduced by the model, were ob-

tained by 30-day averaging, beginning with the 60th day of model time, Figure 3
shows the mean latitudinal values of zonal velocity (a), vertical velocity (c) and
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temperature (e). As noted, in this experiment a somewhat reduced temperature was
obtained in the upper troposphere of the polar regions, with its exaggeration in
the tropics, which in the model led to the formation of a strong jet in the upper
atmosphere (see Fig. 3a). Another peculiarity of the zonal flow, distinguishing it
from the observed pattern (b), is the inadequate development of easterly winds in
the tropical region, which occupy only the lower half of the troposphere. This
peculiarity of the circulation is associated with the inadequate spatial resolu-
tion of the model. The structure of the circulation cells in the atmosphere (Had-
ley and Ferrel cells) can be seen in Pig. 3c, which shows the mean latitudinal
vertical velocity & . A comparison with the observed pattern (d) shows a fairly
good agreement of the maxima and minima, which indicates a quite precise reproduc-
tion of the circulation cells by the model.

Figure 4 shows the mean latitudinal values of the radiation, moisture and heat
fluxes. On these graphs the dots represent the observed January values of the cor-
responding parameters, The comparison indicates a quite precise model reproduction
of the peculiarities in the distribution of the radiation and moisture fluxes ob-
served in January. An exception is the heat flux from the surface. However, one
should note the considerable uncertainty in the empirical data on the heat fluxes
from the land surface for January.

In conclusion the author considers it his duty to note the important role played
by the specialists of the Laboratory on Numerical Modeling of General Circulation
of the Atmosphere at the USSR Hydrometeorological Center in creating a programmed
core of a model of general circulation of the atmosphere in the carrying out and
analysis of numerical experiments.

BIBLIOGRAPHY

1. Budyko, M. I., TEPLOVOY BALANS ZEMNOY POVERKHNOSTI (Heat Balance of the Earth's
Surface), Leningrad, Gidrometeoizdat, 1956.

2. Budyko, M. I., ATLAS TEPLOVOGO BALANSA ZEMNOGO SHARA (Atlas of the Earth's Heat
Balance), Moscow, Mezhduvedomstvennyy Geofizicheskiy Komitet, 1963.

3. Budyko, M. I., IZMENENIYE KLIMATA (Climatic Change), Leningrad, Gidrometeoizdat,

1969.

4. Trosnikov, I. V., Yegorova, Ye. N., "Use of Empirical Formulas for Computing
Radiative Epergy Influxes in the Modeling of General Circulation of the Atmo-
sphere," TRUDY GIDROMETTSENTRA SSSR (Transactions of the USSR Hydrometeorolog-
ical Center), No 160, 1975.

5. Arakawa, A., "Design of the UCLA General Circulation Model. Univ. of Califor—
nia, Los Angeles, Dep. of Meteorol.," TECHNICAL REPORT, No 7, 1972.

6. Bengtsson, L., "ECMWF Global Ferecasting System European Centre for Medium
Range Weather Forecasts,' TECHNICAL REPORT, 1978.

7. Carson, D. J., "First Results from the GARP Basic Data Set Project," THE GARP
PROGRAMME ON NUMERICAL EXPERIMENTATICN, Report No 17, 1978.

23
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300100013-3

10.

11.

13.

FOR OFFICIAL USE ONLY

Gilchrist, A., Corby, G. A., Rowntree, P. R., "United Kingdom Meteorological
Office Five-Level General Circulation Model," METHODS IN CO " JTATIONAL PHYS-
ICS, Vol 17, 1977.

Holloway, J., Leith, Jr., Spellman, M, J., Manabe, S., "Latitude-Longitude
Grid Suitable for Numerical Time Integration of a Global Atmospheric Model,"
MON. WEATHER REV., Vol 101, No 1, 1973.

Kurichara, Y., Tripoli, G. J., "An Iterative Time Integration Scheme Designed
to Preserve a Low-Frequency Wave," MON, WEATHER REV., Vol 104, No 6, 1976.

Miyakoda, K., 'Cumulative Results of Testing a Meteorological-Mathematical
Model," PROCEEDINGS OF THE ROYAL, IRISH ACADEMY, Vol LXXIII, Section A, No 9,
1973.

Oort, A. H., Rasmusson, E. M., "Atmospheric Circulation Statistics," NOAA
PROFESSIONAL PAPER 5, 1971.

Oort, A, H., Vonder Haar, T. H., "On the Observed Annual Cycle in the Ocean-

Atmosphere Heat Balance Over the Northern Hemisphere," J. OCEANOGR., Vol 106,
No 6, 197¢,

24
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300100013-3

FOR OFFICIAL USE ONLY

UDC 551.(509.313+513)
USE OF NESTED GRIDS METHOD IN THREE-D IMENS IONAL ATMOSPHERIC MODEL
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 27-33

[Article by A. I. Degtyarev, USSR Hydrometeorological Scientific Research Center,
B manuscript submitted 28 May 80]

- [Text] Abstract: A hemispherical finite-differ-
ence model of the atmosphere in full equa-
tions is considered in a quasistatic approx-
imation, The model makes it possible to use
a fine nested grid for improving spatial
resolution in a stipulated region. The al-
gorithms _employed in carrying out joint
computations for two grids are discussed

in the article., The author gives the re-

- sults of control computations based on real
data. The results of experiments with the
influence of a solution for a nested grid
on the solution for a thin grid and without
this influence are compared.

In solving problems in the numerical modeling of the atmosphere by the finite-dif-
B ferences method the question inevitably arises of the spatial resolution of the
mode. The answer to this question is usually dictated by the capabilities of the
electronic computer used. Accordingly, computations in a region comparable to a
hemisphere (or sphere) must be made with great spatial intervals which cannot de-
scribe the development of atmospheric processes sufficiently well. The errors
caused by too thin a grid lead to a distortion of both the amplitudes and the
phase velocities of wave components of atmospheric disturbances. An improvement
in the spatial resolution model will make it possible to take shorter waves into
account, and what is equally important, describe long waves with a greater degree
of accuracy.

In order to improve the spatial resolution of the model in some region, a method
based on the use of so-called nested grids (NG method) has now come into wide use.
The basic idea of the method is that the computations are made using two (or more)

grids with a different spatial-temporal interval. The grid with the higher reso-
lution (dense grid) in such a case is stipulated in a definite region, whereas
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the grid with the poorer resolution (thin grid) covers a greater region, such as
a hemisphere.

There are two methods ("two strategies," to use the terminology employed by Phil=
lips and Shukla [12]) for solution of a problem when employing the NG method.
Strategy I assumes the stipulation of boundary conditions for the dense network
on the basis of a solution for the thin grid. Strategy II, in addition, affords
possibility for using the solution in the dense grid in integration for the thin
grid ("feedback"). A comparison of these strategies was presented in [12] for dif-
ferent sets of model initial data. The mean square errors, computed over the re-
gion with the dense grid for one strategy or the other relative to the control
computations for the demse grid in the entire region, indicated the advantage of
strategy II for all sets of initial data. However, this strategy, in contrast to
the first, requires the carrying out of joint computations for both grids, which
leads to additional expenditures of computer memory.

At the present time strategy I has come into wider use and is employed quite suc-
cessfully in numerical modeling and hydrodynamic short-range we-ther forecasting
[1, 2, 14]. Sperific realizations of the NG method differ with r+spect to the
methods for formnlating the boundary and initial conditions for ‘he dense grid,
methods for ~liminating the computational gravitational waves arising in the re-
gion of the dense grid and some other details. From thiis point of view the meth~
odological studies of Chen and Miyakoda [5] and Miyakoda and Rosati [11] are of
interest. These studies give a comparison of different methods for formulating

the boundary conditions for the dense grid. The results of the experiments indi-
cated that the so-called "sponge" method, based on use of highly dissipative vis-
cous terms for suppressing parasitic waves in the boundary regions, gives excess-
ively smoothed fields of meteorological elements. Then we find that the applica-
tion of the "radiation" condition at the points of outflow from the region of the
dense grid does not completely eliminate the reflected high-frequency waves at the
boundaries of the dense grid and re- .ires additional boundary smoothing, as when
using the solution for the thin goid at all the boundary points of the dense grid.
In addition, the method for stipulation of the boundary condition with "radiation
is by no means trivial with use i-i a system of full equationms.

Strategy II is presently used primarily in the modeling of the development of trop-
ical cyclones. In the studies of Jones [8], Ley and Elsberry [10], the authors
examine models consisting of two nested grids with a "feedback." These authors

feel that the presence of a feedback does not allow a significant discrepancy in
the solutions for the thin and dense grids, which can arise in computations when
using strategy I. Therefore, the boundary conditions for the dense grid, obtained
from the solvtion for the thin grid, to a high degree correspond to the solution
for the dentce grid.

In this article we examine an application of the NG method in a model in full equa~
tions and also compare the results obtained when using strategies I and II. The
principal mathematical model :or the experiments with use of the NG method is a
model of general circulation of the atmosphere developed by I. V. Trosnikov [3].
The NG method was realized in a variant of this model without allowance for radi-
ative and phase heat influxes. We will briefly discuss the problem of formulating
the problem in a thin grid (a more detailed description of the model is given in
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[{31), and then we will examine the principal algorithms for the organization of
the computational process in a demse grid.

The system of full equations in hydrothermodynamics is written in a hydrostatia
approximation in a spherical coordinate system (% is latitude, A is longitude).
- A p-coordinate system is used vertically. The state of the atmosphere in the
model is determined by the zonal u- and meridional v-components of wind velocity,
the analogue of vertical velocity «), elevation above sea level z, temperature

T and surface pressure Ps. Then, using the generally employed notations, the sys-
tem of equations can be written in the form

du _ g 9z 79 - @
e e (SR u ) v Fy e Fy
g_f=_{_d_"?:_(/+'%ia)u+ﬂ,+ﬁ:, @)

dT _ RTw . er ,

G =p "FhT L )
op 1 [k o ¥ ) )
=5+ Teors (Tﬁ‘-b udp + 7;6( z’cos;dp‘J:O,

1 u ducoss du
_ 2 cos v (\d_}\+ Tr )"‘o—p—'o, (5)
9 _ _ RT (6)

72T

vhere f is the Coriolis parameter, a is the earth's mean radius, c_ is specific
heat capacity at a constant pressure, R is the specific gas constant of air, F;,
Fg, F}TI are terms for horizontal turbulent diffusion of momentum and heat.

In the model use was made of a simplified method for taking into account the non-
linearity of the diffusion coefficient in dependence on flow deformation proposed
in [6]. This coefficient is assumed to be proportiomal to the modulus of the La-
placian of the corresponding value. The terms for vertical turbulent diffusion
Iys Fy, Fy determine vertical turbulent movement.

The solution of system (1)-(6) will be sought in a hemisphere (region G with the
boundaries [) and in a region (region e with the boundaries d). We have e + d & G.
In the hemisphere the boundary conditions are stipulated similar to [3], with the

- single difference that the surface temperature at the present time is considered
fixed. This is attributable to the fact that in the experiments carried out the
nonadiabatic influxes are not taken into account and the computations are made
for a time up to 3 days. The formulation of boundary conditions for a demse grid
will be discussed below.

- With conversion to the difference problem in the region G + {  there is stipulation
of a grid Vtg with the interval H, and in the region e + d -- the grid ‘de with
the interval h in such a way that H = Kh, In these experiments K = 2. Both grids

- are latitudinal-longitudinal, In writing the system of equations (1)-(6) in finite~
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difference form use was made of the scheme employed in [7]. As is well known, such
a scheme makes it possible to conserve the mass of the atmosphere and also the
total energy of atmospheric movements under the condition of adiabaticity and ab-
sence of friction.

When using a latitude-longitude grid in the near-polar latitudes the horizontal
spatial interval becomes small and therefore Fourier filtering is applied to the
main prognostic functions for maintaining computational stability in these lati-
tudes.

For time integration in the model use is made of a modified Euler scheme with the
scaling proposed in [9],

X*= X+ A< (F; + F),
X = Xt 4 ({1l —w) F;+w,F:) 3z ((V - w,) F.;+'w._.F;).

@)

In (7), in the second half-interval, the terms on the right-hand sides are divid-
ed into advective terms Fj and all the remaining terms Fj. The values of the
weights wi = wp = 1 give the known Euler scheme with scaling. Scheme (7) with wy
= 0.506 and wyp = 3 differs £rom the Euler scheme by scaling with considerably
lesser dissipa*:.ity in the region of long waves.

- Now we will examine the principal algorithms determining the characteristics of
integration in the dense grid. As a convenience we will represent the set of
points of intersection of a thin grid

atg - Q)Eg + Ytg 'H"J.t‘g’

where (Ptg are the grid points of intersection within thg e region, Yt are the
grid points of intersection lyving on the boundary d. fotg are the grid points of
intersection outside the region e + d. .
The dense grid q_)d consists of the boundary points of intersection ’)/dg, a series
of points of intersection Y lgg ~ljacent to the boundary points of intersection, and
the remaining internal points of intersection y{dg’ that is

The solution of the problem in the dense grid is dependent on the solution in the
thin grid in the sense that for each time interval in the dense grid it is neces-
sary to stipulate the boundary values at the grid points of intersection ’)/d . The
seeking of *i.z missing values at these points of intersection is accomplishe% by
parabolic interp.lation. As the control points for the interpolation we use the
values at the points of intersection of the thin grid Ytg-

In the model we used an algc®.:hm for the partial change in the spatial computa-.
tion region with interpolation in time in accordance with scheme (7) in the first
and second half-intervals., This algorithm was tested by the author using a one-
dimensional model. It is easy to clarify the effect of this model, examining the
1 time integration scheme (7). The computations in the first half-interval are made
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at the points of intersection Yldg + ‘f)dg: using the boundary points of intersec-
tion Yd . The results of these computations are the X  values at the points of
intersection Y1y, + ¢/4,. In order to obtain the XT+1l yalues at these points of
intersection it is nece§sary to have the X* values at the points of intersection
'ydg- In general, the X* values have only an auxiliary character in the iteration
scheme (7). It is therefore not entirely correct to obtain them by interpolation
of the corresponding values from the points of intersection of a thin grid, or,

as in the first half-interval, use the X values. Accordinﬁly, the computation re-
gion in the second half-interval is narrowed and the Xt *l values are computed only
at the points of intersection "f(d with the use of Y1 g as boundary points. The
XT+1 yalues at the points of intersection Ylgg are gound using parabolic inter-
polation.

Since the solution for the dense grid in principle should give a lesser error, as-
sociated with the spatial resolution, in calculations for the thin grid at the
points of intersection tg it is possible to use the results of computations in
the dense grid. This operagion is carried out using a nine-point Shuman operator
{13]. The X, value at each of the points of intersection "J/t in the thin grid is
determined Qrom the value for X3 at the corresponding point of intersection deg
in the dense grid and the values at the 8 surrounding points of intersectionm.

Xom Xy v (1= )Xo+ X+ Xk Xo— 4 Xo) + (8)

+o R X+ Xyt Kk Xo— 4 X))
The operator (8) with v= 1/2 best eliminates two-step perturbations.

For a better correspondence of the computational solution for the dense grid to
the boundary conditions obtained from the solution for the thin grid and for
suppressing the high-frequency computational modes, in the model use is made of
boundary smoothing, which is employed for only one row of points of intersection
Yldg along the boundary of the dense grid. A three-point smoothing operator, fre-
quently employed for these purposes, is used

K(Y1gg) = 0.5 X (Vlgy) + 0.25 (X(Y¢g) + X ((pﬁg)),

where 'll/cllg is the row of points of intersection in the region #fdg adjacent to
Y 1gge A
g

As the initial data for testing the model we used the GARP BDS set of data in [4].
These data represent an analysis of the wind velocity and temperature fields and
the pressure field at sea level.

In these experiments the thin grid was determined in the northern hemisphere with
a meridional interval A¥= 5° and along the circles of latitude -- AA= 11.25°. The
dense grid has half the horizontal spatial interval and is superposed on the east-
ern hemisphere from 82.5° to 42.5°N. In the central part of this region, and spe-
cifically over the northeastern part of the European USSR, there is a cyclone ac~
companied by a deep trough at Hsgp which moves in an easterly direction. During
the first two days the generation of this lov takes place and then it is gradual-
ly filled. The nested grid method is employed in order to ascertain the movement
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of this low more precisely and also the movement of pressure formations associated

with it.
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Fig. 1. Fields of heights of isobaric surface Hggg. a) initial, b) actual, after
3 days, c) result of computations for 3 days in experiment Bl for thin grid, d)

for dense grid.

same, in experiment Bl for dense grid, e) in experiment B2 for thin grid, f) B2
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Fig. 2. longitude-time diagram of posi~ Fig. 3. Temporal variation of eddy (a)
tion of ridges (1) and troughs (2) of and westerly (b) components of kinetic
geopotential Hss along parallel 50° for energy, computed for region of nested

1~4 days. a) actual position, b) in ex- grid in experiments Bl for thin (1), Bl
periment Bl for thin grid, c¢) B2 for for dense (2), B2 for thin (3) and B2 for
thin grid, d) Bl for dense grid, e) B2 dense (4) grids,

for dense grid.

We carried out two experiments using BDS data: an experiment without allowance for
feedback (Bl) and with allowance for the latter (B2). Figure 1 shows the fields of
heights of the H 00 isobaric surface -- the result of computations in the experi-
ments Bl and B2 §or a time of 3 days, and also the actual field for this time in-
terval and the initlal field Hggg. Figure lc shows that the field in the region of
the nested grid in experiment Bl has a virtually zonal character. Computations for
the dense grid in this experiment somewhat increase meridionality. In experiment
B2 there is clear manifestation of a system of troughs and ridges, as in real data.

Longitude~time diagrams (Hovmuller diagrams) of the position of ridges and troughs
of geopotential at the 500-mb level along the parallel 50°N are represented in

Fig. 2. The experiment Bl gives too slow a movement of pressure formations to the
east., In experiment B2 in the region of the nested grid the position of troughs

and ridges is considerably closer to the actual position. Figure 3 shows the tem~
poral variation of the zonal and eddy components of kinetic emergy in experiments
Bl and B2 for the thin and dense grids, computed for the central part of the nested
grid. Both experiments give an exaggerated level of the zonal and a reduced level
of the eddy components of kinetic energy. However, the corresponding values in B2
are closer to the actual values, which in the figure are represented by dots.
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The table gives standard evaluations computed for the central part of the region

of the nested grid (66 points). In order to evaluate the quality of computation

of geopotentlal we computed the mean square error in decameters O, the mean rela-
_ tive error £, the correlation coefficient k and the guaranteed prediction of the
signs of trend P .

Thus, it can be noted that in experiment Bl for a thin grid in the region of the

" nested grid there is a very weak azonality, associated with poor spatial resolu-
tion. In addition, the movement of the troughs and ridges was slowed. The use of
a nested grid in this experiment somewhat decreases both the mentioned shortcomings.
The presence of a feedback substantially favors both an increase in the meridional-
ity of the flow in this region and a better agreement of the phase velocities of
large-scale disturbances with the actual values. A comparison of strategies I and II

by the BC method in the interpretation described above in a single example is of a
preliminary character, and of course requires the implementation of a broader range
of experiments. However, the results give a right to hope for good possibilities of
use of a nested grid with a feedback.

In conclusion th: author takes the opportunity to express appreciation to I. V.
Trosnikov for v+luable advice in the carrying out of the work.
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[Article by R. P. Repinskaya, candidate of physical and mathematical sciences,
Leningrad Hydrometeorological Institute, manuscript submitted 5 May 80]

- [Text] Abstract: The article examines the results of

- prediction of geopotential Hggg for the third,
sixth and ninth days using a physicostatistical
method. The predictants and test predictors are
selected from among the parameters of expansion
of the hydrometeorological fields in empirical
orthogonal functions. The following are taken
into account: the large-scale properties of the
fields of empirical orthogonal functions; frac-
tion of dispersion cf initial information de-
scribed by natural fluctuations and their re-
laxation time. The author compares evaluations
of the suc:ess of the predictions made with eval-~
uations of statis.ical and hydrodynamic predic~
tions. The possitilities of improvement of the
prognostic method are discussed.

In many physicostatistical weather forecasting schemes the predictants used are

the parameters of expansion of hydrometeorological fields into a series in or-

thogonal base functions. In this case there is a fundamental possibility, by
- means of numerical experiments, to clarify for what times this method can be
used in predicting the generalized characteristics of processes of different spa—
tial and temporal scales. Some results of such experiments, directed to clarif-
ication of the possibilities of physicostatistical medium-range prediction of
the surface pressure PQ fields for the area of the North Atlantic,were published
in [11]. The pre’lictants used in three variants of the prognostic scheme were
4-6 coefficients o. expansion of the Py fields in empirical (natural) orthogonal
functions (EOF) [1].

- In this investigation, being a methodological continuation of [11], we discuss the

results of application of the method of medium-ranﬁe physicostatistical prediction
applicable to prediction of the geopotential Hggg for the third, sixth and ninth
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days for the spring months over the Atlantic sector of the northern hemisphere.
Information on the predictant was stipulated at 20 points of an irregular grid.
which covered the mentioned region (see Fig. 1). All the points coincide with
the observation stations and weather ships, which ensures more precise stipula=-
tion of the initial data on the predictant, which were taken from special micro-
films. The observational data were collected for 0000 GMT each three days for
1960-1971. The volume of the sample for each month was 120~130 records of a 20-
dimensional vector of geopotential Hspg. In developing the prediction method [11]
we used as a point of departure the physical hypotheses on the basis of which
the physicostatistical method for long-range weather forecasts created at the
Main Geophysical Observatory [14] was constructed and recommendations obtained
as a result of its introduction into operational practice [12, 17]. In particular,
the choice of the virtual predictors was made taking into account the following
fundamental physical concepts: 1) the atmosphere is a unified physical system,
all parts of which strongly interact with one another. As a result of the inter-
action the evolution of one part of the atmosphere is determined by the state of
all its parts and prehistory of development of the processes [9, 14]; 2) the at~
mosphere 18 not a closed system, but part of the unified physical system "atmo-~
sphere ~ active layer of the underlying surface" [9, 14]; 3) "the totality of the
predictors should characterize all the principal peculiarities of the initial
state of the unified physical system in which the macroprocesses develop" [14].

Fig. 1. Network of computation points.

Proceeding on the basis of these basic concepts, in the set of test predictors we
included the generalized characteristics of processes developing both over the
region of the forecast at different altitudes and over a hemisphere. We also took
into account the influence of the underlying surface. The virtual predictors used
were: surface pressure, geopotential ATygp and ATs5gp and the three-hour pressure
trends at 66, 29, 20 and 28 points respectively in the Atlantic Ocean situated
approximately from 20 to 82°N; surface pressure and geopotential AT500 at 55 and 50
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points respectively, situated in dynamically significant regions of the north-
ern hemisphere determined using the pressure-thermal characteristics of macro-
processes [13]; the temperature of the water surface in the Atlantic Ocean on
the basis of data from nine weather ships. Information on the fields of all the
virtual predictors was stipulated for February, March, April and May for the
above~mentioned 12-year series.

Predictor space was minimized in two stages. In the first stage the set of fields
of each virtual predictor and predictant was subjected to expansion into a serles
in empirical orthogonal functions [1]. The expansion was carried out for each
month along its base. The fields of virtuval predictors, stipulated at more than
35 points, were divided into two sectors, which was dictated by the possibilit- .
"ies of the operational memory of the "BESM-4" electronic computer which was used
in making all the computations. The secters were discriminated taking into ac-
count the recommendations made on the be'gis of climatological and synoptic in-
vestigations. Finally, the total number of fields of virtual predictors (n) was
10. :

Thus, as the transformed information on the fields of virtual predictors (and the
predictant) use is made of the coefficients of their expansion into a series in
EOF. Hencefort: the mentioned coefficients (main components) will be denoted aj
(tk,m) = aj. Here j =1, 2,... is the sequence number of the EOF for a partic-
ular field; tr,m are time reference points within the sample; m is the number of
the yearj k is the date in the particular month.

Table 1

Evaluation of Accuracy of Convergence of Expansion of EOF Fields in EOF

February =~ [ Mav:h Aprii May

J [ | g | 12 g

% 3j 1 l dj 2j l ] i rj
| 18,60 18,60 17,0 ‘ 17.96 17,70 17,70 19,68 19,68
2 17,56 36,16 15,23 ¢ 33.19 14.60 32,30 15,79 35,47
3 11,94 48,10 12,98 46,17 10,63 42,93 10,62 46,09
4 987 57.97 965 | 5582 9,13 52,06 9,34 55,43
) 7,53 63,50 7.74 | 63,56 8.28 60,34 7,71 63,14
6 6,15 71.65 5.94 . 69,50 6,24 66,58 5,91 69,05
7 5,03 76.68 541 177491 2,61 72,19 © 5,23 74,28
N 3.83 80.51 4,37 l 79,28 4,59 76,77 441 78,69
9 3.23 8374 |- 362 ! 82,90 3.63 80,40 , 3.82 82,51
10 3,01 86,75 3.39' | S56.29 3,38 83,7 2,97 85,48

| .

Note. oéj is the contribution (in %) of the j~th natural fluctuation to the total
B dispersion of the initial information; )Bj is the increasing sum OCj.

The following factors are taken into account: large-scale properties of the fields
of empirical orthogonal functions; fraction of dispersion of initial information
o{: described by a particular natural fiuctuation and its relaxation time t,, de—

- termined using the normalized time autocorrelation functions of the parameters aj
[18]. In particular, it was required that two conditions be satisfied without
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- fail: 1) O, 25%; 2) tr 2 min, where T4, is the minimum advance time of the
forecast, igx our problem equal to three days.

Table 2

Evaluation of Hgop Predictions for Three, Six and Nine Days

Month Forecast a [ [ r N m
— I time, davs
March 3 9.7 093 0.26 0,564 TR
- 8.3 0,92 0.28 0,653 11 5
6.4 0.88 0,32 0,670 11 6
2 6 112 0.85 0.21 0.646 13 ] 4
9,2 0,87 0.24 0,668 13| 3
7.6 0,85 0,26 0,658 13| 6
9 10,9 0,72 0,22 0,583 16 | 4
- 9.7 0,76 0,23 0.588 15| 5
- 10,0 0,79 0,22 0,577 16 | 6
; 3 10,8 098 0,34 0,637 11 4
April 87 0.9 0.35 0667 | 11 | 5
- 6.9 0.92 0.35 0,672 11 6
6 11.9 0,88 0,25 0615 11 4
10,1 0,90 0,25 0,652 11 5
: 104 0,94 0,23 0,637 11 6
9 12,2 0.89 0,21 0.681 12 4
95 0.84 0.26 0,663 12 | 5
1011 0.87 0,23 0.654 12 | 6
May 3 11,5 097 0.27 0331 10| 4
9,1 0,96 0,31 0598 10| 5
77 0,88 0,33 0,628 10| 6
6 12,3 0,98 023 0,579 1t 4
96 093 0,27 0,621 1 5
8.8 091 0,30 0,631 11 6
9 12,0 0.96 0.19 0656 15| 4
10,2 ogé 8% é 0,656 15| 5
9.7 0. , 0,665 151 6
June 3 10,7 0.96 0.29 0,577 4
8.7 0,95 0.31 0639 5
7.0 0,89 033 0,657 6
- 6 1.8 091 021 0613 4
9,6 0.90 0.25 0,647 5
89 0,90 0,26 0,642 6
i 9 1.7 0,86 021 0,640 4
; 9.8 0,84 0,23 0,636 5
9.9 0,85 023 0832 6

Note. N -- number of prepared predictions; m -- number of EOF taken into account,

Table 1 gives an evaluation of the accuracy of convergence of series of expansion
of the H 00 fields in EOF. It follows from this table that proceeding on the basis
of the f?rst condition adopted as a basis for the forming of a set of predictants
in each month it is possible to predict not less than seven a4 parameters. In the
three variants of the scheme which we developed there was successive prediction
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of four, five and six expansion coefficients containing information on the most
spatially extensive long-lived and energetically strongest natural fluctuations
over the forecast region. We feel that such a "stepped" approach has definite
advantages since it makes it possible, by a direct evaluation of the results of
the forecast, to draw a conclusion concerning the desirability of including some
expansion parameter among the predictants.

In the archives of the test predictors in all the variants of the prognostic scheme
we included the four first expansion coefficlents in a series of EOF for the set of
fields of each precursor of the future weather, in individual cases describing up
to 90% of the total dispersion of the initial samples. Thus, the archives of the
test predictors for each month contains 40 coefficients aj (j = 1-4, n = 10).
Then, for each predictant for a particular month from the archives of the test pre-
dictors we select the most informative. This procedure is carried out using an
evaluation of the regression of the main components of the vector-predictors on the
main components of the vector-predictant by the sifting method. The selection meth~
od is continued until a further increase in the number of predictors does not lead
to a substantia’ decrease in the mean square error of the "composite" multiple lin-
ear regression ~~nfficient R. In our problem the "saturation" of R for all the pre- -
dictants was attained when 7-12 predictors were taken into account. Accordingly,

10 was selected as the "optimum'" number of predictors. At the end of this stage,
for each of the six main components of the predictant in March, April and May there
are sets of regression coefficients, making use of which it is possible to compute
the future value of these components with an advance period of three, six and nine
days. We wrote a total of [ x q x g = 5% regression equations, where 1= 6 is the
maximum number of prediction coefficieats a4 in each month; q = 3 is the number of
varlants of the prognostic scheme, differing with respect to the advance time of
the forecast; g = 3 is the number of months for which the equations were written.
The Hggg prognostic fields are obtained using the known "restoration" procedure
[11, 12, 14] with the use of the de .rmined expansion coefficients and EOF corres-
ponding with respect to the j inder. It is evident that the latter in this case
serve as "weighting" functions.

The most informative predictors entering into virtually all the regression equa-
tions were as follows —- geopotential AT50Q over the forecast region, surface pres-
sure and geopotential AT50gp in dynamically significant regions of the hemisphere
and in the prediction for the ninth day -- temperature of the ocean water surface.
The three-hour pressure trend is a predictor carrying little information and is
included in only four regression equations: for prediction on the third day of

the fifth and sixth natural oscillations in March and the sixth in April and May.

Testing of these regression equations was carried out using data for 1972 and 1973.
We prepared a totai of 32, 35 and 43 forecasts for the third, sixth and ninth days
respectively with the use of four, five and six EOF. For evaluating the success of

the forecasts we employed ti - gsenerally accepted synoptic-statistical characteris-
tics: mean absolute error a; mean relative error § (as a "test" we used the cli-

matological forecast); the correlation coefficient r between the predicted and the
actual fields; the criterion of similari:iy of the actual and predicted fields with
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respect to the sign of the anomalies A2, being a measure of the geometrical sim-
ilarity of the compared fields.

The mean values of all the enumerated characteristics of quality of the prepared
forecasts are given in Table 3. Its analysis shows that with respect to the para-
meters ¢ , 2 and r all three types of forecasts in all the months are entirely
satisfactory. Allowance for the fifth natural oscillation, whose relaxation time
varies in the course of the spring in the range 9 (March) - 15 (April, May) days,
makes possible a considerable improvement in the quality of the forecasts for all
times, especially with respect to the mean absolute error and the correlation co-
efficient., The relaxation time for the sixth natural oscillation is in March 6,
in April 3 and in May 9 days.

Table 2 shows that it is undesirable to take this oscillation into account in
March when forecasting for the ninth day and in April for the ninth and sixth days
since this will lead to some deterioration of the quality of the forecasts.

Now we will compare the results with the results obtained by other authors. For ex-

ample, A. V. Borodina [4] for December, January and February prepared three- and

- five-day statistical forecasts of Hsgpp for a territory taking in Europe, the Arc-
tic, Western and Eastern Siberia and the Far East. A prognostic scheme was devel-
oped on the basis of a combination of the empirical orthogonal functions method

- and a classification of macroprocesses in dependence on the position of the cir-
cumpolar vortex in the stratosphere. The following values of the forecast quality
characteristics were obtained: §3 = 0.81-0.84, J 5 = 0.80-0.83, P3 = 0.24-0.25,
AP = 0.,14-0,17; r3 = 0.59-0.62; r5 = 0,57-0.60, where the subscripts 3 and 5 on
the § , P and r parameters denote the advance time of the forecasts. It can be
seen from a comparison of these results with the data in Table 2 that the physico-
statistical forecasts even for the ninth day have a somewhat better quality than
five~day forecasts [4].

Table 3
- Evaluations of Hydrodynamic Forecasts Hsgg for 72 Hours
Model a ) P
- Belousov 0.91
Berkovich 0.93
Kalenkovich~Penenko 4,5 0.82 0.39
Pressman 0.82

- It is generally known that hydrodynamic forecasts for 24-28 hours are quite suc-
cessful., However, with an increase in the advance time to 72 hours the relative
error in the forecast at all levels increases appreciably and approaches unity.
This means that methodological forecasts degenerate into a trivial test forecast.

Table 3 gives some results of routine tests of hydrodynamic models [2, 3, 6, 10],
published in [5, 7]. Here reference is only to the guaranteed probability of
three-day forecasts of Hsgg for a region including the North Atlancic and Western

- Europe. A study was made of both quasigeostrophic models [2] and models based on
a solution of the full equations of atmospheric dynamics [3, 6, 10].
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It follows from an analysis of Tables 2 and 3 that physicostatistical forecasts

for the third day, taking into account six natural oscillations with respect to
the § and © parameters, for all practical purposes are at the level of errors in
forecasting Hggg by hydrodynamic models [2, 3, 6, 10]. With respect to the mean
absolute error they are inferilor only to hydrodynamic forecasts [6]. However, it
must be remembered that the errors given in Table 3 were obtained for a region in-
cluding not only the North Atlantic, but also the verritory of Europe, which is
well covered by meteorological observations. We, however, are dealing with a very
thin network of observation stations for which there is a loss of information not
only about processes whose characteristic scales are equal to two or three grid
intervals, usually used in numerical models, but also about larger atmospheric
disturbances, allowance for which is important in forecasts for several days. Thus,
the initial field of the predictant in numerical schemes is stipulated more pre-
cisely, which unquestionably has an effect on the quality of the forecasts.

In our scheme it is possibly necessary to take into account a great number of main
components. In any case, for the third day it makes sense to predict the seventh
and eighth natural oscillations, since thelr relaxation time is equal to 6 and 18,
3 and 12, 15 an' 3 days respectively in March, April and May. However, we feel
that for a reli~+le determination of the forms of EOF describing such small-scale
oscillations in the field of the predictant it is necessary to have, first of all,

‘considerably greater samples, and second, there must be better coverage of the in-

vestigated region with initial data, that is, a denser grid of points. In our
country a definite source of forecasting errors was also the replacement of data
missing on the microfilms by norms. Evidently it would be better to use the data
read from isolines on synoptic charts.

It is important to note that with an increase in the advance time to nine days the
guaranteed probability of physicostatistical forecasts of Hsgg making use of the
J, P and r parameters in general was no worse than for the third day. The at-
tained results indicate, in our opi .on, that it 1s necessary to continue experi-
ments directed to improvement of ch: method and clarification of the possibilities
for physicostatistical forecasting for intermediate times on the basis of large
samples. We intended to carry o'v the first objective within the framework of the
physicostatistical long-range forecasting method [12, 14, 17], having considerable
possibilities. We have in mind primarily the possibilities of improving the method
for selecting informative statistical correlations [15], and in addition, the pos-
sib1lity for a more complete and precise description of the initial state of the
atmosphere—underlying surface system by supplementing the archives of test predic-
tors with conservative carriers of the "meteorological memory" and its physical
enrichment. In particular, investigations of the relaxation time of natural os-
cillations i.. the fields of different meteorological elements indicated that ex-
tremely sma..—sc~1e atmospheric disturbances, describing less than 5% of the to-
tal dispersion of . e initial samples, often exist far longer than large-scale
atmospheric disturbances.

As indicated by the results of this study and study [1l], the ay coefficients,
carrying information on the behavior of such long-lived localized processes, must

be included in the predictants and test predictors in developing schemes for
medium- and long-range weather forecasts. These results to a definite degree also
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confirm the conclusions drawn earlier in hydrodymamic theory on the basis of con-

jugate equations relative to the prognostic significance of different types of
- information [8, 16].

It appears that using the indicated possibilities it is possible to achieve a fur-
ther increase in the quality of physicostatistical forecasts of geopotential Hsgq
for intermediate times.
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SIMPLE CLIMATIC MODEL OF THE LATITUDINAL DISTRIBUTION OF ATMOSPHERIC PRECIPITATION
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 42-48

[Article by A. S. Kabanov, candidate of physical and mathematical sciences, Insti-
tute of Experimental Meteorology, manuscript submitted 25 Jan 80]

[Text] Abstract: An attempt is made to supplement
simple models of the thermal regime of the
atmosphere by still another climatic para-
meter -- precipitation. In formulating the
model use 1s made of the postulated correla-
tion between the quantity of atmospheric
water vapor and surface air temperature,
averaged in time and along a circle of lat-
itude. An expression is derived for the
averaged intensity of precipitation, which
includes the local evaporation of water vapor
from the underlying surface, the local rate
of change in alr temperature and the mer-
idional transfer of water vapor, regulated by
the meridional transport of heat. The computed
mean annual distribution of precipitation by
latitude for the M. I. Budyko variant of the
model agrees qualitatively with the variation
of the measured distribution of precipitation
outside the tropical zonme of the atmosphere.
The possible reasons for the discrepancy be-
tween theory and experiment in the tropical
zone of the atmosphere are indicated.

Introduction. At the present time an active search is being made for ways to create
methods for predicting climatic changes. Great.hopes are being laid on simple cli-
matic models based on the balance of solar energy, the long-wave energy escaping
into space and on the modeling of heat transfer in the atmosphere and hydrosphere
[1, 12, 14, 15]. Naturally, these models cannot replace more detailed models, which
in principle can solve many problems going beyond the content of simple models,
Nevertheless, the use of semi-empirical models even now has made it possible to
clarify many important climatic aspects, in particular, possible reasons for climat—
ic change in the geological past and in the present epoch [2, 3].
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The possibilities of simple models can be increased if within the framework of
these same approximations an allowance 1s made for the moisture balance in the
atmosphere., The objective of our study was to supplement simple models of the
thermal regime of the atmosphere by still another climatic parameter —- precipitw-
-ation =~ and clarify possible ways to obtain a closed system of equations for com—
puting the mean latitudinal distributions of ailr temperature at the earth's sur-
face and precipitation. An attempt to Integrate the moisture cycle in a simple
climatic model was made for the first time by Sellers in [15]; after introducing
a whole series of rather arbitrary hypotheses it was possible to achieve a rather
good agreement between the computed and observed mean latitudinal distributions
of temperature, but it was not possible to achieve satisfactory results for pre-
cipitation.

Principal equations of model. We will assume that all the climatic variables are
averaged along a circle of latitude and for a time interval considerably exceed-
ing the characteristic time during which 1t is possible to construct vertical pro-—
files of temperature and humidity under the corresponding boundary conditions,
Then, within the framework of a one-dimensional model of the thermal regime it

is deemed possil e to use the air temperature T at the earth's surface as a cli-

r=

matic variable [1, 2].

We will introduce another climatic variable q -~ the quantity of water vapor in

. a vertical column of the atmosphere with a unit cross section. Climatic data [9,
13] indicate that precipitation exists at any circles of latitude. This means
that the value of the q parameter, averaged along a circle of latitude and in
time, is regulated by phase transitions, which should lead to a correlation be-
tween q and T. A review of investigations of the activation of feedbacks between
T and the quantity of water vapor in the atmosphere for a study of the earth's
climate was presented in [11].

Assuming that there is a correlatio. between T and q, it is possible to write equa-
tions for T, q and the W values (W is the quantity of liquid (or crystalline) water
in a vertical colum of air with a unit cross-sectional area; W is averaged in the
same sense as q and T) by analo;y with the system of equations used in describing
cloud processes [5, 7, 10]:

or P L L L (1)
ot L =gy g (m— B+ g
. .

.%z—+LQu:E_m—P» (2)

%“Z+£Qu,=m+;x—/, 3

A 1 2
where = Rsing gy SINF ‘s an operator, R is the earth's radius; ¥ is the
complement to latitude to 90°; M is the mass of a vertical column of air with a
unit cross—sectional area; c¢p is the specific heat capacity of air at a constant
pressure; QT, Qq and Qy are the quantitics of heat, water vapor and liquid (or
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crystalline) moisture flowing in a meridional direction through an area of a unit
thickness in a unit time; L is the specific latent heat of condensation (sublima-
tion); E is the quantity of water evaporating from a unit surfzze in a unit time;
I 1s the quantity of water which falls on a unit surface area in a unit time;

- e=r,+r
rg is the influx of radiant emergy in a unit time through the upper boundary of the
atmosphere (an expression for rg is cited, for example, in [2]); rg is the rate
of exchange of energy through a unit area of surface between the ocean and the at-
msphere; m is the quantity of water vapor which is condensed (or evaporated) in
clouds in a unit time in a vertical columm of air with a unit cross-sectional
area as a result of action of the source of energy £ and evaporating from the un-
derlying surface.

The appearance of terms with fin (1)-(3) 1s associated with the additional release
or absorption of heat (moisture) due to phase transitions during the mixing of air
masses containing clouds. When cloud cover is present the mixing of air masses mov-
ing horizontally with the surrounding air leads to an adjustment of their tempera-
ture to the temperature of the surrounding medium; in this process there will be
additional release or absorption of heat (moisture) due to phase transitions., In
other words, in the derivation of the transfer equations (1)-(3) horizontal mixing
in the atmosphere is seemingly taken into account in two stages: first in the atmo-
sphere there is an exchange of air masses (without mixing) through the vertical _
boundaries (this transfer is described by the second terms in (1)-(3); then, after
intensive exchange, creating great local gradients (which can be interpreted as the
formation of frontal zones), an equalization occurs due to mesoscale processes,

The phase transitions occurring in the second stage of mixing were taken into ac-
count by means of introducing the source K.

In the presence of the correlation q(T) the Qq flux is expressed unambiguously
through Qr and equation (2) for q is transformed into an equation for temperature,
but with (1) taken into account it should be transformed into identity. This con-
dition makes it possible to determine that

Q1 0 1 (4)
PET R Y (ST LA
cpM_d_T-
- ” C,
m—E:—_ﬁi, b= (1—a) L, (5)
| —
Q=" q. (6)

It must be remembered that without introduction of the source pLit is impossible to
achieve transformations of equation (2) into identity and the problem of determin-
- ing the parameters in (4)-(6) becomes insoluble. The & and A parameters were used
’ earlier in the theory of cloud processes [5, 7, 10].

In the atmosphere the quantity of water in liquid and crystalline states is always
much less than the quantity of water vapor. We will also take into account that the
geographical variability of q exceeds the latitudinal changes of W. In additionm,
- estimates show that during times greater than the time of mixing of the entire at-
: mosphere, everywhere except possibly in the tropical zone, there is satisfaction
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of the condition Jdq/dt »IW/ Jdt. All this makes it possible, in describing the
global distribution of precipitation, to use the well-known hypothesis [6] that all
- the condensed moisture falls as precipitation. Then B

A ow A
%’f_ + LQq>>"o—f + LQ“"
and it follows from (2) and (3) that

I=ﬂl+'p.. (7)
With (4)-(6) taken into acrcount, expressions (1) and (7) are transformed to the
form
Mc, oT Qr .
— o+l == (8)
dq OT 1M1=z
I=E-Gror —Tt—= & (9)

Expressions (8) and (9) represent the principal result of the work.

It follows from (R) that the value & <1 characterizes the expenditures of energy
from the source £ on phase transitions in the adjustment of the water vapor con-
tent to the q(T) value. The c* = cp/a! value can be interpreted as the effective
specific heat capacity of an Btmosphete with a cloud cover at a constant pressure.
In this case c*>c , since the heat introduced into such a system is expended not
only on heating, but also on phase transitioms. It is important that c* can be es-
sentially dependent on temperature.

As an example, we will assume that

[H = sat] 9 —k pu (T)

M s

where k is a dimensionless value less than unity, fg,¢(T) is the density of the
saturated vapor at the temperatur~ T, £ is air density at the underlying surface.

g9 x=do
=08

l i | I Il a Lo 1
Noow 60 0 20 3 20 40 60 wuw.S
Fig. 1. Change in x value with latitude.

This assumption makes it possible to compute the &« value at different latitudes
which correspond to the observed latitudinal distribution of mean annual tempera-
tures. The results of such computations for different k = 0.8-0.6 are represent-

ed in Fig. 1. It can be seen that the effective heat capacity in the southern
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latitudes can be two or three times greater than in the northern latitudes. It
can be concluded from this that fluctuations of the emergy source £ identical in
intensity will lead to fluctuations of temperature greater in value in the north-
ern and temperate latitudes in comparison with temperature fluctuations in the
southern latitudes.

It follows from (9) that the intensity of precipitation is determined by local
evaporation E, the local rate of change in atmospheric temperature and the mer-
idional transfer of water vapor, which is regulated by heat transfer and which
- is described by the last term in (9).

It is important that the averaged intensity of precipitation was not sensitive to
different variations of cloud cover. This conclusion is a result of the fact that
after spatial averaging along the circles of latitude and for time intervals ex~
ceeding the time of atmospheric relaxation that part of the condensed moisture
which is expended on an increase in the size or liquid-water content of clouds

- is a small fraction in comparison with the total quantity of condensed moisture.

- It should also be noted that it was possible to match the heat and moisture bal-
ances by the introduction of only one additional parameter dq/dT. Such an approach
made it possible to exclude precipitation and evaporation from the underlying sur-
face in explicit form from the thermal regime equation (8) and make equation (8)
independent of (9). It goes without saying that (8) will nevertheless be dependent
on (9) if one takes into account the possible influence of precipitation on the
zonally averaged albedo and the intensity of long-wave radiation.

Variant of model formulated by M. I. Budyko. We will use the M. I. Budyko hypothesis
[1] in which

; Q
LTr—I'n="'(r— T/’)' (10)

where T, is the mean planetary temperature of the lower air layer. For modern con-

_ ditions Tp = 288 K. This relationship was confirmed by materials from satellite
observations for the mearn annual conditions of the radiation balance of the earth-—
atmosphere system [3]. The following is obtained

Y = 2.784 cal/ (cmz'degree-year)

We will examine a case when rg~ (T - T,). Then expression (10) makes it possible
to represent the flux Qp by a nonlocal expression through the temperature field

_ R ¢ , ‘g
Qr=7ve2 sing f IT (") =T, sing'ds/, an
0

where 7'- 7/* determines the fraction of heat transported by ocean currents. The

physical sense of the nonlocal parameterization of the flux (11) is explained in
[4].

The representation of the flux in form (1l) makes it possible to write equations
(8) and (9) in the form ‘
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Me, 0T
=@ tiT=T)=r, a2

dq 9T . :
I=E— S —(l—a) 3 (T-T) +

9oy, 1 ( Wt ot
Sing . (T-— Tp) Siﬂ-.t df-

0

(13)

The semlempirical equation (12), except for the nonstationary term, retained the
same form which was proposed in the initial M, I. Budyko variant [1]. Using for-
mula (13) it is possible to compute the mean annual latitudinal distribution of
precipitation corresponding to the latitudinal distribution of mean temperature
obtained from solution of equation (12) [13] (with JT/Jdt = 0) and by means of
measurement. As the mean latitudinal distribution of evaporation E use was made
of the data published by Sellers [9, 13]. As an example it was assumed that q/M =

k Psat(T)/p. '

”~
. ;‘leni mm/year

Fig., 2. Experimental curves of the mean annual distribution of precipitation (1)
and evaporation (2) [9], and also ¢~ .puted distributions of precipitation (3)
‘on earth.

The results of such computatione with k = 0.8~0.6 and Yy =7 are represented in
Fig, 2. Here also for comparison we give the experimental curve for the mean an-
nual distribution of precipitation on the earth [9].

The computed curves of the distribution of precipitation virtually coincide (Fig.
2) for cases of temperature distributions measured and obtained from solution of
equations (12). The dependence of the distribution of precipitation on the para-
meter k in the range of its values 1-0.6 is weak. There is a qualitative agreement
of the compu*ed and measured distributions of precipitation in the high and tem—
perate lati.udes. However, there is a considerable noncorrespondence between
theory and experim~ntal data for the low latitudes. This discrepancy is attrib-
utable, in particular, to the fact that the considered mechanism of meridional
transport of heat and moisture does not apply in the tropical zone of the atmo-
sphere. Moreover, it follows trom (13) that this mechanism gives an incorrect
direction of the transfer of moisture in the tropical zone from the equator to the
pole.
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In actuality, however, the transfer of moisture by the Trade winds occurs here in
the opposite direction, which also leads to the appearance of heavy precipitation
in the ICZ. However, in this model heavy precipitation does not appear in the ICZ,

It can be concluded from this that the region of Hadley circulation is not satis-
factorily described within the Sramework of one-dimensional models, which can be
used correctly only in those cases when movement in the troposphere has a quasi-
two~dimensional character and the transfer of heat and moisture along the meridian
is accomplished by macroscale atmospheric eddiles and not by regular currents, as

- in the region of the Trades.

Next we note that on the basis of equations (12) and (13) it is possible to solve
self-consistent problems if the E value is determined. According to the schematiz-
ation cited in [2], E = fty, where ty is the temperature of the surface of ocean
waters in degrees Celsius. Since the change in ty with latitude qualitatively coin~-
- cides with the variation E(¥), using the correlation between E and ty and in a
definite way carefully selecting the proportionality factor f, we qualitatively ob-
tain the same results for the distribution of precipitation as shown in Fig. 2.

The correlation E = fty was obtained with neglecting of the dependence of E on
wind velocity variations. This is justified by the fact that in the computations
in [2] use was made only of the mean latitudinal and mean seasonal values of the
parameters for which different variations of wind velocity possibly are real but
play a small role.

In a general case, however, it is usually assumed that E and rg are dependent on
wind velocity. Then for the closing of equation (9) it is necessary to have dy-
namic equations. Such equations within the framework of a one-layer model, with
allowance for the mechanism of interaction between moving atmospheric eddies and
the main flow of the atmosphere, were proposed in [8].

In conclusion the author expresses appreciation to N. S. Okhrimenko for assistance
in carrying out the computations.
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EXPERIMENTAL INVESTICATIONS OF OROGRAPHIC WAVES AND VERTICAL MOVEMENTS IN THE
NEIGHBORHOOD OF KRASNOVODSK AIRPORT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11 » Nov 80 pp 49-~53

[Article by 0. A. Lyapina and Ye. I. Sofiyev, candidate of physical and mathemat-—
ical sciences, Central Asiatic Reglonal Scientific Research Institute, manuscript
submitted 7 Apr 80]

[Text] Abstract: This study was carried out in
connection with the complex conditions
involved in the landing of alrcraft during
pPresence of strong northerly winds. Oro-
graphic waves were investigated using con~
stant-level pilot balloons tracked by
theodolite, Vertical movements were inves-
tigated using conventional pilot balloons,
The parameters of waves are given, the con~
ditions for their development are described
and their influence on a landing aircraft
is discussed.

Krasnovodsk airport is situated on a plateau which drops off steeply (at an angle
of 45°) to Krasnovodskiy Gulf. The dropeff extends latitudinally and at the edge
there are highlands with a small (about 50 m) relative relief.

e
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Fig. 1. Orographic waves near Krasnovodsk alrport.

Figure 1 schematically shows the vertical profile of the terrain along the landing
bzam when an approach is made from the north.

In an investigation of the orographic deformation of the flow in the case of rorth-
erly winds we released constant-level pilot balloons from point B, situated at the
edge of the dropoff. The trajectories of the pilot balloons were tracked by two op-
tical theodolites set up along the shores of Krasnovodskiy Gulf (point C, Fig. 1).
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Fig. 2. Trajectr=ics of constant-level pilot balloons for different temperature
gradients. Ociober 1978. 1) Y= 0.6°C/100 m (24 Oct, 1130 hours), 2) ¥ = 1.0°C/100
n (24 Oct, 1430 hours), 3) ¥ = 1.1°C/100 m (14 Oct, 1130 hours).

In addition, at points A and C ordinary (mon-constant level} pilot balloons were
launched for measuring the vertical wind profiles and these were tracked by theo-
dolite. All the pilot ballooms (both constant-level and ordinary) were released
each hour. The coordinates were reckonel with a discreteness of 15 sec with AShT
theodolites (accuracy of readings 0.,01°). The observations were processed on a
"Minsk-22" electronic computer using a specially formulated algorithm [1], making
it possible to compute the coordinates with any arrangement of the pilot balloons
relative to the base (in particular, .hen the pilot balloon is at the zenith, in
the vertical plane of the base, anu 71lso at the same level with or even below the
observation points).

The temperature stratification was evaluated by making measurements of temperature
at point C and on the landing strip (difference in elevations 120 m), and also us-
Ing data from aircraft soundings and radiosonde measurements.

Wave movements were observed when there were northerly winds exceeding 6 m/sec and
a stable thermal stratification. These conditions are evidently necessary for the
appearance of waves, that is, are always observed when waves are present. For the
time being it is not clear whether they are also adequate, that is, whether they
inevitably lead tr waves. The vertical wind profile measured at point A, despite
expectations [3,4], ¢id not exhibit a significant correlation with the presence

of waves. It 1s easy to trace the development and destruction of waves during the
course of one northerly intrusion when they developed during a stable stratifica-
tion and were destroyed when tue stratification was unstable (for example, on 17
and 24 October 1978). The waves usually have a lifetime of 0.5-2 hours; their fre-
quency of appearance is relatively small: in 50 cases of observations of constant-
level balloons waves were noted in only 11.
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The vertical extent of the wave disturbances is dependent on the thickness of the
inversion layer. According to data from research flights it usually is 800~1,000
m, that is, exceeds the height of the obstacle by a factor of 10, The horizontal
exXtent of the waves can exceed 10 km.

Table 1 )
- Characteristic Parameters of Lee Waves. October, 1978
- Number Time Y°C/100 m  um/sec Hkm Akm Amax | Vipax | -
- 2 17070 1.2 5,0 0.25 1.7 500 2.7

8 14‘;110“‘ — 8.1 0.3 2. 200 3.4

10 9l3g™ -_— 5.2 0.6 1.9 100 1.3

10 10R30™ — 6.3 0.5 3.0 130 0.8

H ~- mean wave height; Apax —— maximum wave amplitude

Figure 2 shows the projections of the trajectories of constant-level pilot balloons
entering into waves ontc the vertical plane. The trajectories 1, 2, 3 relate to
stable, neutral and unstable stratifications respectively. Trajectory 3 merits
special mention. The stratification in the lower 100-m layer at the time of ob-
servation was unstable and no waves were observed here. The constant-level pilot
balloon rose monotonically. At an altitude of 1300 m it entered into a clearly ex-
pressed attenuating wave, probably arising on the boundary of an inversion.

The characteristic parameters of some waves are glven in the :able.

The length of the waves in kilometers can be roughly estimated using the formula
)“inz where u is the wind velocity at the level of the waves in m/sec, that is,
half as great as computed using the approximate Dorodnitsyn formula [2]. The mod-
ulus of the vertical velocity can be from 0.1 to 0.3 of the horizontal velocity at
the level of the waves or from 0.2 to 0.4 of the wind velocity at the level of the
landing strip.

Thus, with great wind velocities (15-20 m/sec) the vertical velocity components in
the waves can attain 5-7 m/sec, which is not safe for an aircraft coming in for a
landing.

- Another danger of the waves is as follows. An aircraft on the descent path alter-
nately enters into the ascending and descending branches of the wave. Upon enter-
ing into the ascending branch the pilot parries its effect using the elevators and
as a result (after 8-12 sec) the aircraft can be in the descending branch with a _
negative pitching angle. Such a situation is especially dangerous directly near
elevations where the descending flows are most intensive and overcoming them may

- be beyond the technical capabilities of the aircraft.

The descending flows on the lee side of a steep dropoff are well known to the ex-

perienced pilots of Krasnovodsk airport. A spontaneous loss of altitude, which

here is called an "indraft," appears at a distance of 1-2 km from the edge of the ,
steep scarp, which agrees well with the lengths of the waves cited in the table.

The "indraft" is observed both against the background of calm flight and when

there 1s bumping of different intensity.
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- According to our observations, a stable stratification, favoring the formation of
waves at the time of northerly and northwesterly intrusions, does not exist for a
long time, 0.5-2 hours, and is replaced by an equally brief period of instability.
This circumstance, evidently, imposes definite limitations on the maximum possible
advance time for predicting waves, limiting it to 1-2 hours.

Vertical fluctuations of the wind were computed using data from base pilot balloon
observations made on the windward (point A, Fig. 1) and leeward (point C) sides
using the formula

W;:W—' Wi‘

where W is the vertical velocity of the pilot balloon, averaged for the entire as-
cent, Wy is the vertical velocity of the pilot balloon in the i-th layer. The
thickness of the i-th layer, with a discreteness of observations of 15 sec, was
30-100 m.

Ln- e HH

y) ’
LT ((64 A6 14 2230-14-05 q5 14223038

Fig. 3. Frequency of recurrence of vertical gusts at different altitudes over wind-
ward and leeward sides of obstacles (with winds of northerly directions).

Figure 3 sh. s the frequency of recurrence of vertical fluctuations of the wind
over the windward ~rd leeward sides of topographic rises when there are strong
winds of northerly directions. The figure shows that over the leeward side the
vertical fluctuations are two or three times stronger than over the windward side.
We note a considerable distc..cron of the histogram of the frequency of recurrence
after the passage of an air flow over topographic rises. On the leeward side there

- 1s a sharp increase in the fraction of high values of the fluctuations (the histo-
gram is "blurred"). In addition, the nearly normal distribution of frequency of
recurrences on the windward sides becomes bimodal on the leeward side. All these
differences are smoothed with an increase in altitude.
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The appreciable asymmetry of the histogram at an altitude of 200 m over the wind-
ward side is evidently associated with the ordered rising of air along the slope.

As might be expected, bumping is much more probable and intense on the leeward
side of the topographic rises. Instrumental measurements of vertical accelerations
of the AN-24 aircraft in the case of northerly winds registered accelerations up
to 1 g on the leeward side. At the same time, on the windward side the accelera-
tions did not exceed 0.1 g.

Bumping has a sharply defined limit: regardless of intensity, when coming in for a
landing it ceases 1-~0.5 km from the edge of the topographic rise.

In all probability, on the leeward side considerable vertical gusts are attribut-
able elther to waves or to eddies with a horizontal axis which become detached
from the edge of the steep rise. Judging from the oscillogram of accelerations,
the horizontal dimensions of eddies are about 500 m. Flight on the leeward side is
usually accompanied by considerable fluctuations of air velocity, According to
communications of pilots, there were cases when the amplitude of fluctuations of
alr velocity attained up to 200 km/hour. This is possible when the aircraft passes
through eddies in which the linear velocity is close to 30 m/sec and seems entire-
ly real, since at point B (Fig. 1) velocities of 22-25 m/sec were repeatedly ob-

, served,

It is usually assumed that the reason for turbulence on the leeward side of the
topographic rise 1s the hills situated at its very edge (Fig. 1). Our observations
- for the time being have not confirmed this. The flights made over a part of the

scarp where there were no rises revealed that here bumping of the same intensity is
- encountered.

Conclusions

- In the region of southern rises near Krasnovodsk airport, when there are strong

- winds of northerly directions, waves create the "indraft" effect — a spontan-
eous dropping of the aircraft when coming in for a landing. The waves, experiencing
breakdown, lead to bumping. Orographic bumping on the leeward side has a limited
localization: when coming in for a landing it ceases 0,5-1 km in front of the edge
of the topographic rise.

Vertical wind fluctuations on the leeward side of the topographic rise can attain
0.4 of the velocity measured on the landing strip,

In order to predict waves and aircraft bumping it is necessary that thermal strat-
) ification be taken into account, The advance time of a forecast canmot exceed 1-2
- hours due to the great time variability of the phenomenon.
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[Article by N. A. Bagrov, professor, USSR Hydrometeorological Scientific Research
Center, manuscript submitted 28 May 80]

[Text] Abstract: A study was made of the problem

of movement of continental ice on the as~
sumption of linearity in the resistance to
movement. In this case the rate of movement
is proportional to the surface slope of the
glacier. A model of a circular glacler was
formulated applicable to the Antarctic glacier.

- The results of the computations agree rather
well with available data with stipulation of
one constant —- the resistance coefficient.

At the present time most scientists acknowledge that during the Tertiary the earth's
temperature decreased almost monotonically. At the end of this period and during

the entire perlod which followed, the Quaternary, this weak decrease began to be
accompanied by great variations with an alternation of cold glacial and relative-

ly warm interglacial epochs. The last glaclal epoch, evidently, was one of the
longest and most severe [5, 11].

A, I. Voyeykov was one of the first to bring attention to the fact that the snow
and ice covers are not only a result of cooling, but themselves are responsible
for their own existence because of their cooling effect. This point of view was
further developed in the studies of Brooks [2].

In his studies on the theory of climate Budyko [4] and other scientists made a de-
tailed examination of the influence of ice on climate. It was gradually clarified
that ice is the principal factor in the instability of Quaternary climate. Cli-
matic variations were absent in the course of the Tertiary and a large part of the
Cenozoic era because a warm climate, especlally warm polar regions, do not arise
in the presence of an ice cover. But by no means everything is clear here. One of
the unsolved problems concerning climatic variations is that more or less signif-
icant coolings or warmings are evidently associated with some important restructur-
ings of the entire atmospheric circulation, which are accompanied by changes in
the properties of macroturbulence.

57

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

In actuality, for example, cooling 1s reflected primarily in the polar regionms,
which causes an increase in the equator-pole gradient. It would seem that in this
case there should be a substantial increase in the influx of advective heat from
the equator. But this for some reason or another does not occur, but there is a
further cooling, the formation of continental ice, a decrease of the ocean level,
and accordingly, a decrease in oceanic advection.

Evidently, with an increase in the equator-pole thermal gradient there is an in-
. crease in the intensity of zonal circulation and circulation itself becomes more
- stable. The latter can be attributed to the fact that with a decrease in tempera-
ture and the ocean level there 1s an increase in dryness of the alr; this results
in a decrease in cyclonic activity and the latter in turn reduces meridional ex-
change.

Finally, the propagation of ice is stopped at some latitudes (provided it does not

- cross a critical latitude). But this position will also not be stable, and the
less stable the closer the ice approaches the critical latitude. Should there be
a random variation in the direction of a warming which is quite significant, the
entire process cwmn go in the opposite direction, that is, in the direction of a
further warming. lowever, for such a reverse process there must be some exceed-
ing of the temperature conditions in comparison with the conditions for advance
of the ice.

In any case, according to the computations made by Budyko [4], whereas a decrease
in the mean temperature by several tenths of a degree makes it possible for the
- ice to propagate southward by 10 or more degrees of latitude, the reverse temper-
- ature increase to the initial value still does not ensure retreat of the glacier,
The ice advances easily but retreats with difficulty.

What about the ice itself? The ice has many properties of a solid brittle body rel-
ative to rapldly changing stresses. .t is capable of retaining its form for a long
time almost unchanged and is capablr. of withstanding some dilatation. The elastic-
- ity of ice is very small. Under the influence of relatively small long-persisting
- and slowly changing stresses the 'ce is capable of being slowly deformed, flow and
change its form. In this property it resembles a very viscous fluid. However, the
tensor of stresses in the ice mass is related very complexly to the tensor of de~
- formation and this relationship is very highly dependent on temperature and the
type of ice and the degree of nonlinearity increases with an increase in the
stresses. More or less rigorous solutions of the equations for the flow of ice
have been derived only for extremely schematic conditions and they are ill-suited
for practical computations of the regime of glaciers. For this reason it makes
sense to use “he simplest assumptions for studying the movement of glaciers. The
simplest assumpti~n here will bz the hypothesis of linearity of the correlation
between resistance 4ud the rate of movement. Using the equation for movement of
a fluid in which all the terms on the left~hand side are dropped, we write equa-—
tions for the movement of ic~ 'n rectangular coordinates:

-1 _ &,
) O=——gr —F 4+% )
1 dp g_ 1
0.—.-——;—6‘}'—"" v+1v
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Here k is some coefficient having the dimensionality of velocity; X, Y, Z are the
projections of mass forces (gravitational forces) onto the coordinate axes, pPis
density, p 1s pressure.

The use of these equations for ice seems extremely unrealistic. There is a definite
difficulty in their interpretation. But their application to definite situations
is easily interpreted and gives acceptable results.

Now we will examine a very broad glacier on a bed having a common slope with the
nonuniformities (see Fig. 1). By selecting the x-axis along the slope and the y-
axis in an upward sloping direction, we obtain

k dp

u=—.P—? Ox +k5“’l5,
& dp (2)
e — — — nas.
v =g oy ksi

Obviously, the rate of movement along the y~axis can be neglected if the nonuni-
formities of the bed are small and the glacier surface is slightly slanting along
the x~-axis,

Fig. 1. Diagram of movement of glacier along sloping surface. £¢ is the slope of the
glacier bed to the horizon, H is glacier thickness, u is the rate of movement along
the x-axis, Q(x,t) is the rate of growth of ice on the surface due to the precipita-
tion -~ evaporation difference.
By integrating the continuity equation along y we obtain:

0 -_—

ox (uH)+’U”=0, (3)

where u is the mean rate of movement of the glacier in the cross section, vy is
the rate of movement at the glacler surface.

For the rate vy we have the obvious expression
OH )
rvﬁ:—?-;—:—-*-UW_Q(xy t)' (4)
Here Q(x,t) is the layer of growth of the glacier from above as a result of the

falling of precipitation. The second term for vy can be dropped as a result of
" 1ts smallness.
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Integrating the second equation (2), we find that
—o? p=kcossH.

Introducing this result into the first equation, we will have
= —k (—-—sln e) (5)

It therefore can be seen that the rate u is not dependent on y, that is, it remains
constant for the entire cross section. This means that the glacier seemingly
slides along its bed, being drawn out and becoming slightly deformed.

Collecting the results of (4) and (5), and introducing them into (3), we obtain
finally an equation of motion in the following rorm:

oH 3 [yry OH 9kH cine -+ .
7=T;(kﬁ_o:7)-T sine + Q (x, f) (6)

This equation ..u be derived by another, more graphic method. According to the fig-

ure shown above, a mass of ice flows Into a defined elementary volume with a mean
rate of movement u, equal to uH, whereas the outflow is uH + 2/9 x (uH)dx. The
difference, equal to - 4/ 3 x (uH)dx, arises due to the increase of the surface
dH/d t dx and falling precipitation Qdx. Comparing these values, we obtain the
continuity cquation in the following form:

Aot WH)=Qx, 8).

The principal hypothesis now is that there is assumed to be a proportionality be-
tween the rate of movement u and the slope of the glacier surface, that is, it is

assumed that H
u = —k(—‘,— —sme)

where € is the slope of the x—a...s to the horizon. Introducing this expression into
the continuity equation, we again obtain the equation (6).

We will examine the simplest case of a plane horizontal bed. Assume that the ac-
cumulation of precipitation Q = const. Then equation (5) in the case of steady

movement assumes the form .
aH Q
ox (H } + i 0.

Integratin, :his expression once, we obtain
H T + —- x = const.
If with x = 0 JH/dx = 0, U« constant will be equal to zero.

Integrating the derived equation once again, we obtain

I Y ™
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The surface of such a glacier is an ellipse whose minor axis is b = Hp and whose
major axis is /k/Q times greater.

The point x = Hy /Q/k is the runoff point. This is a singularity: here H(x) = O,
In its neighborhood our assumption of smallness of the derivative JH/Jx is sub-
stantially impaired. However, this condition comes close to the conditions when
the glacier descends from the land to the sea and its end is constantly broken off
and seemingly becomes vertical, It is easy to confirm that at the end of the
glacier its "discharge" of ice is equal precisely to the entire quantity of ac-
cumulation of precipitation on the glacier surface.

In the case of steady movement and a sloping bed equation (6) allows one integral
in the form ‘

oH 1 (9 40—
HW—"H’*‘TS 5 dx = const.

We will examine the simplest case Q = const and write the preceding equation in the
form

- 1x=C-+eH—HH" 8)
Here Y = Q/k, and H' is used in denoting the derivative dH/dx.

We will differentiate this equation for H. We will have
tgr=e—H—H @
This equation allows the separation of variables (if H' is assumed to be some new
variable). Obviously, we will have
- aH _ _H'dH __ _ H’ dH. :
TH- T R H 4y (H’--.:—)‘+Tl;'(4‘-'_‘2)

The integral of this equation in the case 4Y- €250 can be written in the form

InH=—pln (H" —eH'+7) +

, 9
. -}-——-———‘/4_‘_'_2 arctg ———]2/451__.*':2 + const.
, . - -

In the case 4Y-£%<0 in formula (9) it is only necessary to change the sign of
the integrand, that is, under the sign write g2 - 4v and replace the trigono-
metric arc tangent by the hyperbolic arc tangent.

Suitably determining the constants in equations (8) and (9) in a valid manner, we
can, using the variable H' as a parameter, use (9) to compute the H value and using
(8) —~ the corresponding value of the x variable. It is possible to obtain a more
graphic solution of equation (8) if the Y parameter is assumed to be small and if
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the solution is sought in the form of a series in powers of this parameter.
. H(X)=ho+1h (X)+ 7Ry (x)+ . ..

Then as a zero approximation, for determining the initial conditions we could ob=-
tain the surface of the glacier again in the form of an ellipse.

Now we will examine a circular glacier lying on a circular cone with a small slope
of the generatrix. This will be a model of the Antarctic glacier.

We will write the continuity equation in cylindrical coordinates:

2 v+ =T 4 r2o (1)

Integrating this equation vertically and introducing the mean radial V, and mean
transversal Vg velocities

17 1
1= [ Vodg v=gf Ve dz,
3

we obtain the equation

: L (rub) + -y (0H) 1 (G —Q-w)=0.

_ If the slope of the generatrix of the glacier bed is equal to g, then Wg = -EU
From the equations of motion or in accordance with the main hypothesis of ice move-
ment we write the rates of ice movement:

OH . _ k OH A
u=—k i V== 755 ~ 12)

We obtain a fundamental equation by introducing these expressions into the contin-
uity equation. For purely radial movement we will have

(rH } fer—— 661: + —;—-(Q - %—’;’) =0. (12)

Unfortunately, this equation with ¢ == O cannot be integrated in quadratures even
foxr steady movement.

We will examine the simplest case of steady movement in the case of a horizontal
bed. The equation for such movement will be

/] oH r
- ?T(’H"_ox )+ + Qin=o (13)
We will first examine the case of constant accumulation of ice. In this case we ob—
tain ot ) .
. rH — + 5% r¥ = const.

The integration constant will be equal to zero if with r = 0 J H/Jd r = O. Once again
integrating the derived expression, we obtain
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QO
H+gpr =7 &

(14)

The comstant on the right~hand side was given such a form for convenience in inter-
- pretation. Here R is the radius of the glacier —- the major gemiaxis of the ellipse
(14). The minor semiaxis will be Hg = R /Q/2k is the thickness of the glacier at
the center.

The major axis of the ellipse (14) for the surface of a circular glacier with radi-
al movement is greater by a factor of ﬁ than the major axis of an ellipse (7) for
a surface with plane-parallel movement.,

Some ice "sources" are necessary for the existence of a stationary glacier. Such

a source can be the stipulated constant thickness Hp in some section. Then, down-
stream, the surface slope increases, the rate of movement increases until the ice
discharge is equal to the entire mass of ice accumulation at the surface. Here

there is a break in continuity and the glacier breaks off. Analytically this is
expressed by the vertical boundary of the glacier at its end. We note that in nature
a sharp breakoff of the glacier at its end is evidently characteristic. The discon-

- tinuous accumulations of morainal deposits can be evidence of this.

In this entire theory it is noteworthy that if somewhere in the initial section a
constant thickness of the glaclier is maintained, it will progress downstream only
a finite distance, despite the fact that hypothetically conditions exist at its
surface for the accumulation of ice.

According to data published by P. A. Shumskiy [12], the most suitable dimensions
- of an ellipse approximating the Antarctic glacier will be R - 1903 km, Hy = 3,63
- km.,

However, for a more realistic picture the accumulation of precipitation cannot be
considered constant, not dependent on r. Numerous observations show that at the
edges of the glacler there is considerably more precipitation than at the center,
For precipitation we will take the linear expression

Q) =a(l+%) (15)

where £ = r/R. Equation (13), after the introduction of 0 instead of r, will have
the form 2
- 2 oH ).
A (e H )+ 2 e (LB
and after integration
. OH | R

e H --P'+“Q—'(P’+ -3—93)=0.

Integrating once again, we obtain

) R: 43
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or i 4 \
| 21— - - =0

(7)

Thus, in the particular case the glacier surface is described by a third-order
curve. It is evident that the curve for the glacier surface lies above the ellipse
determined by the first two terms of equation (17) without taking into account the
increase in precipitation toward the edges of the glacier.

" 1f for the conditions of Antarctica it is assumed that Q = Qqg(1 + 9,°), that is,
that the precipitation increases from the center to the coast by a factor of 10,
the total volume of ice accumulation will be determined by the expression 21 Qqy*
3.5R{j, where Rp is the radius of the Antarctic continent stylized as a circle,
Then assuming Rg = 1900 km, Q0o = 0.025 m/year, which in general coincides with the
estimates of V. A, Bu§ayev [3] and V. N. Petrov [9], we obtain the ice accumula-

- tion of about 1900 km?®/year.

In the case of steady movement of glaciers there will be an equivalent discharge
of ice into the ncean in the form of floating ice and icebergs.

= However, modern data on the earth's water balance make it necessary to postulate

- . that the discharge of ice must be 350-400 ko3 greater than the quantity cited
above. The fact is that according to data published by R, K. Klige [6], the level
of the world ocean during recent decades has been rising 1-1.5 (or even 2) mm/

- year., And for this the ocean must receive 400-600 km3 of water annually. It is as-
sumed that about 75% of this quantity ertexs the ocean from Antarctica.

Thus, at the present time -Antarctic glacieré have a slightly unsteadg character
because the total volume of Antarctic ice 1s estimated at (25-27)-10 km3.

This agrees well with modern estimat s of the ice balance in Antarctica.

- It can be seen clearly from equatious (6) and (14) that the form of the glacier sur-—
face, and accordingly, other characteristics,are essentially dependent on the
dimensionless parameter Q/k. Using Shumskiy's data, we find that in application
to a glacier of a circular configuration

TE _ Ry,
V2E = fe=sas2.

Hence k% 1.4Q'105cm/year, if Q, the quantity of precipitation, is expressed in cm/
year. The rates of movement of glaclal masses in Antarctica vary greatly and range
= from 0 to 1250 m/year. Assuming the mean slope to be equal to HO/RO = 0,002, we
obtain the . an rate of glacier movement:
u=14Q-105.2 -10-3=2,8 -Q - 10%

For estimating the rate we thus obtain

0% (40-50) m/year,

which fully agrees with Shumskiy's estimates.

L
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The discharge of ice into the ocean is about 2200 km3, vhich is 300-400 km3 great-
er than the total volume of falling precipitation on the entire continent.

It should be noted that the hypotheses used here in the derivation of equations (6),
(12) and others, are not new and original. Such hypotheses have long sexrved as the
basis of the theory of movement of a fluid (water, petroleum) in porous media,

Moreover, it has been proposed that these hypotheses also be used for the theory of
movement of glaclers. A brief exposition (half-page of small print) of such a pro-
posal is given in a book by Paterson [8]. In a book by Badd [1] there is exposition
of other, more complex proposals. Nevertheless, glaciologists evidently make no
use of the linear theory of movement., As an example, Shumskiy, already cited here,
working with all kinds of ellipses and hyperbolas, uses them purely formally for
approximation of the type of surface.

It is possible that for ice sclence itself this theory scarcely can be of great im—
portance. But for the modeling of climate and allowance for the influence of con—
tinental ice on climate the procedures set forth here may be of some use. In most
cases, evidently, it is possible to use steady movement, that is, it is possible
to discard the glacier thickness time derivative aH/Zt. In this case time will
be taken into account parametrically, through the dependence of the quantity of
Precipitation Q(x, t) on time.

It seems to me that the model of movement of glaciers described here is consider—
ably more precise than the model used in the book by Sergin and Sergin [10]. It is
true that for the Sergin model the retention of the @ H/ 2t derivative and reduc-
tion of glacier movement to a linear equation was extremely important.

In any case, in the modeling of atmospheric circulation, especially in the model-
ing of the climatic conditions of different epochs, it must be remembered tha-

the boundary of the glacial cover can be displaced far to the south (in general,
toward the equator) by virtue of the capacity of ice for mechanical movement. As
a result, the thawing . ice occurs almost always far from the place vhere it was
formed. It is easy to understand that this capacity for mechanical movement in
space, the capacity to creep, slows and limits ice accumuiation in thickness

in the epoch of the process of its increase and accelerates the thawing of the ice
in an epoch of warming, even in a case when the thawing of ice on the glacier sur-
face almost does not occur.

For a more complete analysis of all these characteristics it would be exXtremely
interesting to carry out a numerical analysis and solve the equation of motion for
a glacier (6) in full form, stipulating the external parameters in the form of the
quantity of ice accumulation at the surface, with precise formulation of the boun-
dary conditions at the end of the glacier, for example, applicable to the last
Valday glaciation.
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UDC 551.466

BISPECTRAL ANALYSIS OF SEA LEVEL FLUCTUATIONS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 63-70

[Article by V. Kh. German, candidate of technical sciences, S. P. Levikov, candi-
date of physical and mathematical sciences, A. S. Tsvetsinskiy, State Oceanograph-
ic Institute, manuscript submitted 21 May 80]

[ Text] Abstract: Some theoretical aspects of bispec-
tral analysis are examined. It 1s shown that
in the case of a Gausslan process and weak non-
linearity it is possible, using one output func-
tion of the system, to determine the relative con-
tribution of a nonlinear element. A bispectral an-
alysis of the total levels was made, making it
possible to evaluate the role of nonlinear inter-
actions in the formation of shallow-water tidal
waves.,

In shallow-water regions of tidal seas during a period of storms the free surface
experiences changes caused by the complex process of interaction between the tide
and surge. Here, evidently, the total level differs from a value equal to the lin-
ear superposing of the surge and tide, created independently. A study of the inter-
actlon between the tide and surge is of great importance for practical purposes.
For example, according to an estimate made by Prandle and Walf [7], the height of
the surge due to nonlinear interaction with the tide can be increased by 25%. The
mechanism of interaction of two types of waves is explained by Rossiter [9] in

the following way: during a surge the advance of the full water occurs sooner be-
cause the velocity of propagation of the free tidal wave increases and the influ-
ence of bottom friction decreases. In addition to interaction between the surge
and tide in the seas there are nonlinear interactions between the tidal waves them-
selves,

In our article the process of nonlinear interactions in level fluctuations will be
investigated using bispectral analysis.

The term "bispectrum" was evidently used for the first time by Tick [10], who ap-
plied it to a third-order Fourier transform of a centered correlation function.
An analysis of a specific geophysical process -- wind waves —- was made using this
approach in a study by Hasselman, et al. [3]. The principal properties of bispec-
tral curves are given., We will examine some of them.
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If x(t) is a rigorously stationary random process with a mathematical expectation
equal to zero, its bispectrum B(fj, f7) is determined using the formula

B(f, f:)= ﬁ” Rz, =) exp [—i(finy + fiss) d= dxy, (1)

/o
]

where

R(w, 70) =<x(t) x(t4v) £ (i) > @)
is a third-order correlation function. The symbol <> denotes averaging for the
set.

If, in addition, x(t) is a real random process, then

B(fy, f2) =B (—fi, —f2)*. (3)

Here the sign* denotes a complexly conjugate value. From the stationarity of the
process we have the symmetry relationship .
B{(fy, f2)=B{fs, [i)=B(fi, —Fi —f2) =B(—fH—fz. f1)=
=B(f, —fi—fo)=B(—fi—fa f2).
These relationships show that the bispectrum need only be determined for f1 and
£y values satisfying the condition 0Kf1&Kfy< .

(4)

We will examine the Kramer representation for a stationary random process
o©
x(@)= [ endz(p,
-0

where dz(f) 1s an uncorrelated randr . measure.

Then it is possible to write the following expressions: <dz(f)>=0,

<dz(f) dz(f2) >=S(f) & (fi+-f2) d

<dz(f\) dz(f) dz(fs) >==B(f1, [2)8(Fi+fo+fs)dfidf2,
where J (f) is the delta function.

Thus, if the spectrum represents the contribution to the mean square, that is, the
dispersion of the process due to the two Fourier components, whose frequencies
together equal zero, the bispectrum gives the contribution to the mean cube, that
is, the asywmetry due to the product of the components whose frequencies together
are equal to zero.

As is well known, for a Gaussian process the third moment (asymmetry) is equal to
zero. In this case ‘
<x8 (t)>==R(0,0)=0
(5)
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and it follows from (1) that :
B (f f2)=0.

Thus, the bispectrum shows how the deviations of the process from a Gaussian pro~
cess are "expanded" ir frequency, that is, arise due to some frequencies which
- exist under synchronism conditions,

* fifetfe=0. (6)

On the other hand, if it is assumed that some investigated process x(t) is Gauss-
ian at the initial moment or that it was formed due to the passage of some Gauss-
ian process through a nonlinear system, then the bispectrum becomes a character~
istic of the nonlinearity of this system. [Between the linearity of the wave field
.and the Gaussian distribution there is some dependence established by a theorem
(Hasselman [1]) which asserts that in a linear approximation the random homogen-
= eous field of waves with dispersion asymptotically tends to a Gaussian state,

even if at the initial moment it was not Gaussian.] In this case it is possible
- to speak of the interaction between some frequencies.

Now we will examine two examples illustrating the need to use bispectral character-
istdics.

Example 1. We will assume that the record (for example, level) x(t) is known. This
was formed as a result of transformation of some input real stationary function
xo(t) in the case of passage of an inertialess system with quadratic nonlinearity:

x ()= ax, (¢) + e b (2), - 9D
where a, b, £ are real constants.

In a real case this can correspond to the process of transformation of a tidal
wave as a result of friction against the bottom.

We will raise the question as to whether it is possible to determine the values of
the coefficients a and £b or the relative contribution of a nonlinear element rel-
ative to the linear element on the basis of the characteristics of the input and
output of the system (a simple nonlinear "black box" variant). This problem is
broken down into two variants: a) the input function ¥y is not known; b) it is
known, . s . 2

Here we will be interested in the first variant, when the function at the input is
not known (as a rule, we do not know the characteristics of the tidal wave at the
input, that is, in deep water). However, if it is assumed that:

—= the input function xg(t) is a real rigorously stationary Gaussian random pro-
cess with a zero mean (a Gaussian state 1s essential). '

-~ the nonlinearity of the system is small (£ € 1), then in this case it is pos~
sible to obtain some approximate solution of the problem, to be more precise, de-
termine the relative contribution of the nonlinear term. Taking into account that
the third moment of the Gaussian process 1s equal to zero, from (7) we obtain
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< ()>=ar<x (> +ErEL<xE (B>,

(8
< x () X (£)> =2b < x3(8)>.
€]
But
: x (8) = ax, (£) + O (e), that is, xo(t)=7'- x(8) +0 (),
LB @>+0@=0< 0>, (10)

Lo @B)>i<a(t)>.

a?

The relative contribution of the nonlinear term relative to the linear term is
determined as frllows:

VhCE (> ER<x (> (<L)
A< (> | a<a@>  <x@m><x> (1)

Thus, in the case of an input Gaussian process and weak nonlinearity it is pos-—
sible, using one output function, to determine (approximately) the relative con-
] tribution of the nonlinear element (but not the value of the coefficients a and
- £ b, because a full solution can be obtained with known input and output process-
es).

Example 2. We will examine the system

x (t):f a (%) x, (t—=) d1+e” K (2, %) X, (£—7%) X a2

X X (¢ —=) d= dra.
We will assume, first, that xg(t) is a real rigorously stationary random Gaussian
- process with a zero mean, and second, that the nonlinearity of the system is weak

(64 1). We know only the process at the system output x(t). As in the preceding
example, it is possible to solve two problems:

a) determination of the ratio of the contributions to the spectrum of the process
x(t) from the nmonlinear and linear parts of the system for each frequency f on
- the basis ¢ © the statistics of the output function <:[x(t)}> , that is

a(f) =0 (<{x(1)}>);
b) determination of the Z(f, f') value through the statistics of the function at
the output <1{x(t)}> (known} .ad the coefficients a(f) (unknown). Here Z(f, £')
is the double Fourier transform of the transfer function K(Tj1, T 2); the Z(f, f')
value is usually called the interaction or biadmittance coefficient. [The term
"biadmittance," having the sense of a two-frequency transfer function, was taken -
from a study by Cartwright [2].] : '
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For brevity we will cite the final expressions. The solution of the second prob-
lem is as follows:

A 0
2 (f, fr=alh) a (Fgsaoy Loy (13)

where a(f) is the Fourier transform of a(T), Sx(f) is the spectrum of the process
x(t), BE, £') is the bispectrum of the process x(t).

The first problem has the following solution:

_ \B (S, =D ,
cN= s so—n Y- (14)

Thus, with the assumptions made above it is possible to determine (approximately)
the relative contribution of nonlinear interactions to the spectrum of level fluc-
tuations on the basis of only one characteristic of the output function.

Below, when we speak of interaction between individual frequencies, it will always
be understood that the ‘investigated system conforms to the assumptions made above:
a Gaussian state of the input process and the weak nonlinearity of the system.
Otherwise the reasonings concerning the interaction of frequencies can lose sense.
For example, when a non~Gaussian process i1s fed to the input of the linear sys-
tem an investigation of the bispectral characteristics of the output process does
not give any information concerning the nonlinearity of the system but determines
the internal structure of the output process, distorted by the linear system.’

It follows from what has been stated above that the characteristics of nonlinear—
ity of geophysical processes can be obtained on the basis of a bispectral analysis
of the corresponding time series. In an evaluation of the interaction between the
frequencies use is made of the real part of the bispectrum Re[B(fi, £2], which is
a complex function, and the bicoherence function:

Y L 1B (fi, fo) I3 K
1 (fu )= S, f1) Sy u‘,) Se A+ f)’ (15)

. At the present time in solving practical problems use is made of the folloWiné

method for computing the bispectrum [2, 4]. The initial time series x(t) is divid-
ed intc n segments, each with the length N, The Fourier transform is computed for
each segment,

N ’
X,(f)m——r & & X ) W)
N (16)

1
(2 KN)/ f,=1

j=1,2. . .,m =12 ..

where Wp(t') is the weighting function.

Then the bispectrum is computed using the formula

B(fis £ = X X, (f) X, (1) Xj(fi+12). an

j=t
The bicoherence is computed using the formula
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T:(f| f-‘)= m|B(fi, )]

n n n *
TIX U1 LIX DI L X +f) ]
J=1 J=1 i=1 (18)

It is usually assumed that if the bicoherence is equal to 1, a nonlinear interac~
E tion exists between the frequencies, whereas if the bicoherence is equal to zero,
- interaction is absent [8]. Usually the bispectrum and bicoherence are represented
- in the plane of the frequencies fjy and f2 in the form of a triangle whose vertices
- have the coordinates . -
- (0, 0) (N, 0) and (1/2 N, 1/2 £,

where fy = 1/2At is the Nyquist frequency, At is the discreteness of observa—
tions.

_ Now, adhering to Cartwright [2], we will determine the numerical algorithm for com- ;
puting the interaction coefficient Z(f3, f3). Assume that Xr1s Xros Xr3 are evalu-
ations of the level spectrum for three frequencies. The sea level spectrum X, is
computed using the formula o U .
X=X (1 + cos -ﬁ) exp (2 =irj/N) x (jAt—1t,),
l=—=N .
1

(r=1. 5. . .,TN—-I).

In most cases in an analysis of the level of tidal seas NAt = 29.5 days (in order -
that Af be less than 1 cycle/month). Here ry corresponds to the arbitrary nontidal
frequency 20 r]_Af, r, corresponds to the frequency of the main semidiurnal tidal
wave 2 cycles/lunar ddy, rj3 = rp - r1 for convenience will be assumed positive.
Xr3 contains the element hj3, which reflects the interaction between Xr1 and Xro,
and the residual element h'3, which is unrelated to h3. Similarly, Xpp = h + hy
where h reflects the interaction between Xro and Xrq. Thus, it can be written that

hy - Z(—fi, f2) Xr‘ Xr-_.;

(19

|
|
t o . (20) i
. hy=Z(—fs f) Xr, X, |
where f; are frequencies proportirmal to rg. f
We will examine the mean product for the set
: (6, X,) X, = (6, X,) X, = X, X, X,
Assuming that the product of the incoherent components is equal to zero,
) X, X5, (Z(—Fo fo) BB+ Z(—fo f2) B 1)),
we obtain
’ Z(—fo = <X, X X, >[<IX, "] X, ]2>. o

It can be seen that in its structure this relationship agrees with expression (13)
for the interaction coefficient in a mndel case. .
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Fig. 1. Bispectrum of total level fluctuations. White Sea, level post Kandalaksha,
1 July-13 September 1972. Discreteness of observations 1 hour. Dimensionality of
bispectrum [ecm3]. The graph shows all the values exceeding 100 cm3. The figures

on the isolines are exponents of a base 10. The regions of negative values of

the bispectrum are shaded. The figures at the ends of the arrows are the extremal
values of the bispectrum. In the upper left corner of the bispectrum -- the full
region of determination of the bispectrum; the thick line indicates the analyzed
part of the bispectrum. The energy spectrum is shown in the lower part of the fig—

ure. The y-axis is broken. uursly
} - . \
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Fig. 2. Bicoherence of total level fluctuations. W'hite Sea, level post Kandalak-
sha, 1 July - 13 September 1972, Discreteness of observations 1 hour. The ex-
tremal values are indicated by the figures at the end of the arrows.

The method described above was used in computing the bispectra and the bicoherence

of sea level fluctuations. The initial data used were observations at the level
post Kandalaksha (White Sea) for two periods: ice period (1 January - 15 March
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1972) and ice~free (1 July-13 September 1972). The duration of each record was
75 days with a discreteness of 1 hour.

Table 1
Principal Interacting Frequencies and Corresponding Values of Bispectrum and
Bicoherence
Interacting frequencies, Resultant Ice period Ice-free period
‘cycles/hour frequency,
. bispectrum bicohexr- bispectrum bicoher-
i cycles/hour Pcm5 ence i cm ence
0.08; 0.08 0.16 0.16 940 0.80 4641 0.89
0.08; 0.16 0.24 0.24 994 0.80 1637 0.64
0.08; 0.24 0.32 0.32 — — 144 0.31

Figure 1 shows the bispectrum and energy spectrum of varilations of sea level for an
ice-free period. The energy spectrum was computed by applying the Fourier tramsform
to successive nc woverlapping segments of the initial series (9 segments with 200
ordinates in e&.) and with subsequent averaging of the periodograms. The periodo-
grams were smoothed using the Tukey-Henning filter [2]. The resolution of the bi-
spectrum and the emergy spectrum was 0,005 cycle/hour. In both bispectra (the bi-
spectrum for the ice period is not given in this article but in appearance it is
similar to the bispectrum for the ice-free period) it is possible to trace a num-
ber of well-expressed maxima and the frequencies of the most significant of them
are multiples of the frequency of the srmidiurnal tide (see Table 1).

In the interpretation of the bispectra it is assumed [3, 8] that positive values of
the bispectrum correspond to interaction with frequencies equal to the fundamental
frequency or are greater than it, whereas negative values correspond to interac-
tion of the low frequencies with the .undamental frequency. As noted above, a quan-
titative measure of the nonlinear ii:eraction between two frequencies is the bi-
coherence function. If the bicoherence value is equal to 1, there is a nonlinear
jnteraction between the particu’s : frequencies, otherwise (the bicoherence is

equal to 0) there is no interaction. It follows from Fig. 2 and the table that such
an interaction is not characteristic for all maxima of the bispectrum. For example,
for the ice~free period significant bicoherence values and bispectrum maxima cor-
responding to them are observed only for the following pairs of frequencles: (0.08;
0.08), (0.08; 0.16) and (0.08; 0.24).

The position of the particular maxima, and also the maxima in the level spectrum,
indicates thai in this region there is a rather significant interaction in the
system of semidi rnal tidal waves, the result of which is the formation of more
high~frequency 1/4-day and 1/6-day shallow-water waves. Evidently, the peak of the
level spectrum at a frequency 0.16 cycle/hour is a result of interaction of the
semidiurnal fluctuations witP ~ne another, the presence of which is specifically
indicated by the bispectrum maximum having coordinates in the frequency region
equal to 0.08 and 0.08 respectively. In turnm, the peak in the level spectrum at a
frequency 0.24 owes its origin to the iuteraction between the semidiurnal and six~
hour peaks, which on the bispectrum and bicoherence graph correspond to the maxima

74

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

'FOR OFFICIAL USE ONLY

B(0.08; 0.16) = 1637 cm3, Y2(0.08; 0.16) = 0.64 (see Table 1).

It should be noted that the bicoherence for the interaction between the semidiurnal -
and six-hour frequencies during the winter is substantially greater than in summer
(0.80 and 0.64 respectively, see Table 1). It can be assumed that the increase in
the degree of nonlinear interactions during winter is attributable to the fact

that in addition to bottom friction [6] at this time there is friction against the
ice cover commensurable with it. Another interesting peculiarity is the lesser
absolute values of the bispectrum in winter, which evidently is associated with the
fact that the amplitude of the semidiurnal tidal fluctuations predominating here

in winter is approximately 85% of the summer amplitude.

Conclusions

1., It was demonstrated in model examples that in the case of a Gaussian process and
a weak nonlinearity the contribution to the spectrum due to nonlinear interactions
can be evaluated using exclusively the characteristics of the output function.

2, A bispectral analysis was made of level fluctuations at Kandalaksha station
(White Sea). It was established that a bispectral analysis correctly reflects the
principal characteristics of nonlinear interactions in a system of tidal waves
propagating along a relatively shallow-water bay. This can serve as a basis for
investigating nonlinear interactions within the framework of other physical systems
whose character (in contrast to a tide) is unknown in advance.
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UDC 556. (064+536+537)
PREDICTION OF THE CHANNEL PROCESS AND SOLUTIONS OF THE PROBLEM
- Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 71-78

- [Article by B. F. Snishchenko, candidate of technical sciences, State Hydrological
- Institute, manuscript submitted 24 Apr 80]

[Text] Abstract: The need for developing a system of
predictions of chamnel processes is substan~
tiated. The author proposes a classification
of predictions. It is noted that the most im-
portant condition for the successful develop-
ment of such predictions is the organization
of systematic channel observations in the net-
work of the State Committee on Hydrometeorology.

One of the most important problems in science is prediction. In emphasizing this
thesis, the well-known Soviet hydrologist V. G. Glushkov wrote: "In essence, it
is predictions and only predictions which are required from hydrology" [2].

_ Hydrological forecasts long ago were transformed into one of the principal branch-
_ es of applied hydrology; they have traditionally been directed to the prediction
of elements of the water and ice regimes [4, 6]. During recent years, in COhnection
with the broad economic activity in river basins, the tasks of monitoring and pre-
serving the environment and creating a unified system for the inventorying of
waters, an insistent need has arisen for the development of methods for predicting
other elements of the hydrological regime, in particular, the channel process.

Each year new structures are built on rivers. In their construction it is neces—
sary to foresee possible changes in channels and floodplains. The intensity of
these changes 1s dependent on the degree of the effect of engineering work on the
factors determining the chamnel process —- fluid runoff, solid runoff and limiting
conditions. In the case of implementation of work not involving channel-forming
factors (for example, the erection of supports in the channel for overhead power
lines) the problem arises of foreseeing the natural course of the channel process

- during the time of operation of the structure. If the implementation of engineering
measures leads to a change in the characteristics of the determining factors (as
happens, for example, in the erection of hydraulic structures), the reformation
of the river can assume the most unexpected direction and its prediction acquires
an extremely complex character.

77

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

In the first case the result of prediction is intended for solution of a unique
problem —- evaluation of the stability of a planned structure, and the success
of the prediction itself is dependent on a knowledge of the regularities of de-
formations of the natural channel.

In the second case in order to prepare a prediction it is necessary to ascertain
new regularities of the channel process and the prediction itself must lead to
the solution of not one, but many problems, such as:

-— evaluation of the degree of change of the river as an element of the natural
landscape;

—- evaluation of the change in the flow regime and channel and the possibility of
its reverse influence on the conditions for operation of the planned structure;
-— evaluation of the influence of the modified water and channel regimes on other
structures falling in the zone to be affected by the planned structure;

-— evaluation cf the representativeness of regime observations made in the network
of the State Committee on Hydrometeorology after erecting the planned structure,
etc.

Homl
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Fig. 1. Nat. e of change of curve of correlation between discharges and levels un-
der conditions ot intensive excavation of river alluvium. 1) 1936-1955, 2) 1956-
1974, 3) 1975-1978.

Modern economic activity, ca~. ad out on rivers or in their basins, is characteriz-

ed by great volumes of work and intensity. Its results are frequently commensurable

with the activity of flowing water during periods measured on a geological time
scale.
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Thus, during the last two or three decades there has been an appreciable degrada-
tion of small and intermediate rivers in the southern part of the European USSR.
Their chanunels have filled with shoals and their f£loodplains have become swampy and
saline as a result of a marked increase in solid xrunoff received from cultivated
watersheds [4]. It is clear that in the future the exp...itation and upgrading of
these watercourses can be accomplished only on the basis of predictions of channel
and floodplain processes.

Equally acute is the problem of predicting channel processes when artificially deep-
ening river channels -- a massive phenomenon observed on many rivers with the exca-
vation of alluvium from them for construction purposes. We will cite an example of
such work on the Irtysh in the Omsk regionm.

Fig. 2. Initial stage in destruction of bridge situated below excavations of
river alluvium.

About 30 million cubic meters of bottom material were excavated in a river reach
with a length of 50 km in 15 years; this considerably exceeded the natural receipt
of sediments. The evolution of the morphological elements of the channel (bars,
beaches, etc.), serving as local erosional bases, led to a falling of water levels
in the river. The unambiguous correlation between discharges and levels at the ref-
erence gaging station was impaired (Fig. 1), as, however, was the ccrrelation be-
tween other regime elements. The carrying out of engineering work in the neighbor-
tood of the gagipg station itself introduced substantial errors into measurements
of water discharge and turbidity. In order to restore the representativeness of
the results of observations it was necessary to take serious organizational-tech-
nical measures -- the opening of new gaging statiomns, changes in the methods for
carrying out hydrometric work, etc.

The deficit of transported alluvium helow the reach where channel excavations take
place always leads to a change in the regime of channel deformations in the lower-
lying reaches for a considerable distance. All the engineerir.g structures situated
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both below and above the excavations, as well in the actual area of the excavations,
fall within the zone of influence of such changes. In the event that these engineer-

- ing structures were built without allowance for possible changes in the channel pro-
cess their stability will be impaired. Figure 2 shows the initial stage in destruc-
tion of a bridge built across a small river above the point where alluvium has been
excavated from the channel,

The cited examples indicate the extremely complex cause-and-effect relationships
arising as a result of the reciprocal influence of engineering work and the channel
process. Taking into account the enormous number of structures and their varieties
and the diversity of types of channel regime, it becomes obvious that it is pos-
sible to take into account all the forms of their interaction only by use of a spec-
ial system of channel predictions which would be able to take in all possible mani-
festations of the chamnel process, all types of engineering activity on rivers, the
entire diversity of forms of their mutual influence.

We note in passing that during recent years artificial watercourses, the large can-
als which play the main role in the redistribution of water resources, have also be-
come objects of chanrnel predictions. A prediction of the channel process in canals
is necessary for selecting their dimensions, handling capacity, magnitude of capital
and operational expenditures, and frequently also solution of the problem of the
very feasibility of their construction. The common laws of channel formation charac-
teristic for all watercourses transporting sediments enable us to analyze the prob-
lem of predicting channel processes in rivers and canals,

At the present time, due to a number of objective factors, a system of predictions
. of the channel process has not been creuted. However, individual predictions of
- channel defcrmations have long been made. Some prediction methods, such as the hy-
= dromorphological analysis method [6], have been developed and are being used success-
i fully.

However, modern practical needs in water management construction no longer are being
met by individual, however apt, devi:iopments in the field of channel predictions. It
is necessary to create such a syst:m of channel predictions which would take in the
overwhelming majority of practica. problems. And in this period this problem is one
of the most important, if not the most important, in the theory of channel process-
es.

Known studies in the field of hydroingical predictions [1, 5], the needs of science
for a general prediction method -~ a prognostic scheme [9], and also accumulated ex—
perience in the prediction of changes in river channels all indicate that success in
the development of predictions is dependent on two conditions: availability of a
method for Z~veloping predictions and a theory of the phenomenon to be predicted.
First we wili discuss the first condition.

B By "prediction" is meant a scientifically validated concept of the future, in the
terms of some branch of know' ’'ze pertaining to an unobserved event and giving an

_ indication of the space or time interval within which the predicted event will

- take place [9].

- An important and the first condition in tne method for formulating predictions is
the defiuing of criteria or principles. Prediction criteria can be defined on the
basis of concepts concerning the practical needs for the prediction of channel
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B processes, use of the experience in defining criteria in hydrological forecasts
and in forecasting work generalizing the experience of all sciences in this field.
) At the present time it is desirable to define the fellowing prediction criteria,
which, it appears, have a general methodological character for channel processes:
- —- purpose;
-= origin of watercourse;
—-- nature of interaction of a channel process and a structure;
-- nature of interaction of a channel process and the hydrological regime;
~-~ precomputation timej
—-- precomputation methods;
~- form of expression of results;
-- accuracy of precomputation.
- If now, using each criterion, we define the types of forecasts, their combination

can form a system or classification of forecasts. A truly scientific classifica-
tion of forecasts must be based on laws and patterns characteristic of the pre-
dicted object, that is, the channel process. Theory establishes the patterns and
laws. As noted above, the presence of a theory is the second condition for the suc-
cessful development of forecasts. We will now examine this condition.

- The hydromorphological approach is beginning to play the leading role in the chan-
- nel process theory. It is being developed most actively at the State Hydrological

: Institute. The fundamental principles (postulates) adopted in it made it possible
to lay the basis for a hydromorphological theory of the channel process [3]. These
principles established some basic, general properties of the channel process, such
as its discreteness, the nature of the direction of channel deformations, the forms
of sediment tramsport, etc. The channel process theory is developing its laws and
patterns, taking the established properties into account.

The scientific classification of channel forecasts must take into account these
properties of the channel process as a genetic basis. Each of the types of fore-
casts must be developed not only with allowance for the general methodological cri-
teria, but also on the basis of the properties of the channel process. These pro-
cesses, in essence, are also the criteria for defining the types of forecasts, but
criteria of a special, internal order, chiracteristic only of the hydromorpholog-
ical theory of the channel process. However, since the properties of the channel
process are common for all channel process phenomena, obviously it is more reason-
able not to define additional types of forecasts, but to set as a necessary condi-
tion of the classification allowance for the principal properties of the channel in
each forecast.

We will recall briefly some of the principal properties of the channel process de-
fined in hydromorphological theory. :

In accordance with discrete representations, in hydromorphological theory all man-
ifestations of the channel process are considered at different structural levels.
At these levels particular laws, particular correlations and ratios, particular
determining factors and particular research methods are operative. Each level

has its genetically homogeneous forms of channel relief whose movement is a com—
plexly organized form of transport of sediments and expresses channel deformations.
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In accordance with the complication of forms of transport of sediment, the struc-
tural levels should desirably be represented in the following order: individual
particles of channel sediment, channel microforms, channel mesoforms, river macro-
forms, river morphologically homogeneous reaches, entire river. To the five levels
usually considered by theory, a sixth has been added: the entire river.

Each of the types of forecasts defined below also must be considered at the men-
tioned structural levels of the channel process.

It was established in hydromorphological theory that a change in river channels can
occur in two fundamentally different ways: as a result of unidirectional irrevers-—
ible deformations and as a result of differently directed, sign-variable revers-
ible channel reformations not changing the statistical characteristics of the chan-
nels, In some river reaches subjected to intensive economic activity, for example,
in the lower pools at hydroelectric power complexes, these deformations are mani-
fested simultaneously, jointly. Accordingly, it is necessary to define a third type
of deformations —-— joint.

The direction of channel deformations must also be taken into account in each type
of forecasts.

An important property of the channel process is the nature of the interaction be-
tween discrete channel forms. The interaction can have a uniform character, ap-
plicable to channel forms of one structural level, for example, the level of macro-
forms between meanders. Its character may be diverse when there is a mutual influ-
ence of the channel forms considered at Aifferent levels, for example, the inter-
action between an underwater bar and the small ridges (microforms) situated on it.
All types of forecasts must also be made with allowance for this property of the
channel process.

The cited description of some proper:izs of the channel process gives some idea
concerning its essence and now makes it possible to proceed to the defining of
types of channel forecasts on the basis of their general methodological criteria.

With respect to the '"purpose' criteriomn, it is possible to distinguish gnosiolog-
ical and engineering forecasts. The first are prepared for the purpose of develop-
ing our knowledge of the natural process without regard to specific practical
needs, Engineering forecasts take into account the specific requirements of users
related to the implementation of englneering-~economic measures on rivers.

The "origin of watercourse" criterion was introduced primarily for the purpose of
distinguishin: forecasts made for rivers and canals. Depending on the morpholog-
ical charac::ristics of watercourses it is possible to carry out a further break-
down of the forec-sts: for example, for lowland and mountain rivers, rivers in
the permafrost zome; for canals dug in embankments and excavations, in alluvial
deposits and in sedimentary rocks.

With respect to the nature of the interaction between the channel process and
structures, as already follows from the examples cited at the begimning of the
article, it is necessary to distinguish forecasts in engineering work, exert-

ing an influence on definite channel process factors and with structures not
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! capable of acting on them, but experiencing a reverse influence on the channel pro-

- cess. In a detailed classification of engineering structures [7], using the men-
tioned criterion structures of the first type are called active and those of the
second type are called passive structures. These forecasts must then be more de~
tailed, for example, forecasts for bridges, structures to prevent avalanches, water
intakes, river petroleum pipeline crossings, etc.

_ With respect to the character of the interaction between the channel process and
hydrological regime it is possible to discriminate forecasts for a natural hydro-
logical regime and forecasts for a modified regime.

With respect to the precomputation or advance time of precomputation of the ele-
ments of the hydrological regime in hydrology it is possible to distinguish short-,
_ medium- and long-range forecasts, assigning absolute values of the time interval.

- With respect to the channel process such a division is incorrect because in this
case the theoretical basis of the division is not determined. Accordingly, in
actuality, in absolute expression the time of transpiring of channel process
phenomena at different structural levels 1s extremely different. For example, the

- time required for a sand ridge to move its own length varies from minutes to tens

- of days; the corresponding duration for mesoforms is an interval from 24 hours to .

several years, and the time for the development of phenomena at the macroform

level (cycle of development of meanders) may be hundreds of days and hundreds of
years. The indicated time intervals of the genetic cycles are also dependent on
the characteristics of the hydrological cycles.

Accordingly, as a basis for dividing channel forecasts with respect to time it is
desirable to use the time of a full genetic cycle of development of a channel
form or phenomenon at a definite structural level and also the time of development
of these channel regime elements during the period of a hydrological cycle. Thus,
time channel forecasts are classified as cyclic genetic and cyclic hydrological
forecasts.

The preparation of forecasts using the "precomputation method" criterion must be
accomplished taking into account general scientific research methods and the spe-
cific conditions of the problem, the stage of the project, type of structure, com~
plexity of the predicted phenomenon, required accuracy of the forecast, etc, The
different forecasting methods existing in channel process theory can be reduced

to three principal methods: hydromorphological, hydraulic-morphometric and model-
ing.

Each of the cited types of forecast can be subdivided into subtypes. For example,
in the hydraulic-morphometric methods it is possible to discriminate the sediment
balance method and the movement of channel forms method. In modeling it is pos-
sible to discriminate mathematical and hydraulic models. The latter are subdivided
into air and water. Water models can be made rigid or erodable, etc.

With respect to the form of expression of the results, forecasts can be subdivided
into qualitative and quantitative, and with respect to accuracy —— as approximate
B and precise., These forecasts are commonplace and require no clarification.
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The proposed classification of forecasts is of a preliminary character. In the
future it can be supplemented and made more detailed.

The forecasts defined in the classification are still far from final form and most
of them have only been entered into the classification. Nevertheless, it appears
that it corresponds to the modern practical requirements and has an entirely pur-
poseful significance -- outline and make more specific the ways to develop channel
forecasts. This work must evidently be carried out in three directions:

1) by the accumulation of in situ data on channel process phenomena;

2) by the further revelation of channel process laws and patterns -- as the phys-
ical basis for forecasts;

3) by the development of forecasting methods.

Now we will clarify these.

In hydrometeorological forecasts there is a direct relationship between the quan-
tity of initial information and the quality of the forecast. It is also known that
the existing rat ier well-branched network of stations for systematic observations is
nevertheless ir.lequate for obtaining the necessary accuracy or advance time of the
forecasts,

The network of the State Committee on Hydrometeorology does not make systematic ob-
servations of reformations of river channels and floodplains. Other departments
do not make these observations.

Most Administrations of the Hydrometeorological Service during recent years have
proceeded to individual, sporadic observations under the methodological direction
of the State Hydrological Institute. However, they are made by an extremely few
people and this does not make it possible to obtain the information necessary for
making channel forecasts.

At the same time, the experience of a number of Administrations of the Hydrometeor-
ological Service is evidence of ..e great interest of national economic organiza-
tions in channel information and the capability of the Administrations of the Hy-
drometeorological Service to supply such information. For example, the observa-
tions of the Kutaisskaya Hydrometeorological Observatory of the Georgian Republic
Administration of the Hydrometeorological Service, for ascertaining the channel
regime of the Rioni River, make it possible to introduce an important contribution
to the project for exploitation of the Kolkhidskaya Lowland; the studies of the
Volga and Krasnodarsk Hydrometeorological Observatories of the Northern Caucasus
Administratiou of the Hydrometeorological Service have already made possible a
sounder appruach 'n forecasting the reformations of the lower pools of the Volgo-
gradskoye and Krasnudarskoye Reservoirs. The observations of the Western Siberian
Scientific Research Institute not only led to solution of a nunber of practical
problems -- validation of the -ojects for agricultural and industrial water in-
takes, prediction of changes in the channel of the Ob' in the lower pool of the
Novosibirskaya Hydroelectric Power Station, but also made it possible to obtain

a series of new scientific results, Iuportant practical results were obtained at
the Omsk and ¥orthern Administrations of the Hydrometeorological Service, the Far
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Eastern Scientific Research Institute, and elsewhere, on the basis of data from
chanmnel observations.

The problems involved in developing some branches of the national economy -- naviga=
tion, water supply, melioration, production of nonore construction materials, etc.
require the further formulation of systematic observations of the channel process
in the network of the State Committee on Hydrometeorology, for the time being, of
individual river reaches, especiaily in urbanized areas [8]. In the not distant
future they will make it possible to proceed to the preparation of not only spor-
adlic, but also operational forecasts of channel processes. For this reason there
should be immediate expansion of network channel observations and they must be giv-
en the status of regime hydrological observations.

With respect to the prospects for development of chanmnel process theory, they also
are determined to a great extent by the presence of in situ information, especially
for river reaches with a modified hydrological regime. The classification of fore-
casts makes it possible to be oriented in the priority of those aspects of theory

which will be required, in particular, for the further development of these types
of forecasts.

Without in situ information it is difficult to hope for a rapid improvement of
forecasting methods. For example, the theoretical models which are now being active-
ly developed are frequently fruitless once again due to the lack of reliable in situ
information for validating the boundary conditions, evaluation of the representa-
tiveness of laboratory data, etc.
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RELIABILITY OF CHOICE OF PARAMETERS OF A GAMMA DISTRIBUTION IN THE
PROCESSING OF RUNOFF DATA

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 79-86

- [Article by A. V. Khristoforov, candidate of geographical sciences, Moscow State
- University, manuscript submitted 27 May 80]

[Text] Abstract: In computations of runoff guaran-

' teed probability curves the relationship be-
tween the asymmetry coefficient and the varia-
tion coefficient, determining the type of
gamma distribution curve, is assumed to be the
same for the entire region. The problem arises
of checking the correspondence of the selected
type of guaranteed probability curves to each
of the generalized series and the entire region
as a whole. An optimum variant of the ").2"
test is proposed for solution of this problem.
It is shown that the asymptotic theory of the
")(2" test is applicable in hydrological com-
putations. Formulas are proposed for determining
the reliability of choice of the type of guaran-
teed probability curves in regional generaliza-
tions of data on runoff with allowance for their
spatial coherence.

.

s In computations of annual, maximum and minimum river runoff used in water manage-
ment and hydroengineering construction and in constructing guaranteed probability
curves which establish the relationship between the value of the investigated
runoff characteristic and the annual probability of its excess the most wide-
spread use has been made of a three-parameter gamma distribution proposed in 1946
by S. N. Kritskiy and M. F. Menkel' and introduced into the current USSR norms
[4, 7]. The parameters participating in this distribution are the mean value
(norm) of the computed characteristic Xy, the variation coefficient Cy and the
ratio of the asymmetry coefficient to the variation coefficient Cg/Cy, determin-
ing the type of gamma~distribution curve (Cg/Cy = 1; 2;...). With the availabil-
ity of a series of hydrometric observations the parameters Xg and Cy are evaluat-
ed by the moments method, approximate maximum probability method or graph analy-
- g sis method [7]. A satisfactory evaluation of the third parameter of the guaran-
teed probability curve Cg/Cy can be obtained from an individual series only with
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the presence of an extremely long period of runoff observations for a particular
- river [1, 6]. As a rule, the choice of the type of gamma distribution curve
(selection of the Cg/C, value) is accomplished on the basis of spatial-temporal
generalizations of runoff data for several rivers. Thus, the value of the Cg/Cy
parameter is assumed to be common for the rivers of the entire reglon within
which only the Xg and Cy parameters are subject to an individual sample evalua-
tion and all the guaranteed probability curves correspond to a single type of
gamma distribution [4, 7]. The problem arises of checking the correspondence be-
tween the CS/CV value of each specific series of observations and the series as
a whole, This article is devoted to an investigation of the possibilities of
solving this problem.

Different variants of the Pearson chi-square test have come into the widest use
in solving such problems [3, 5].

Assume that there is a sample Xj,...,Xp, whose elements are essentially independ-
ent random values having a three-parameter gamma distribution with the density
£(x, 91, &2, 63), where &y =Xa; 62 = Cv; 98 = Cg/Cy. Then the statistical
hypothesis 1s checked: Hg: @, = 3 where 98 is some value of the Cs/Cy para-
meter, The regica of values 20, ©0') is broken down into k intervals A]_,...,Ak
and the freque. .les Vs++-» Vi of falling in the corresponding intervals are
determined from the sample. The t statistics are computed using the formula

k 0
- [vi — pi (84, 83, 83)}?
t = nmin
8,, G,E] 4] (8,, 8, eg)
- where p ( 91, 92, 90) are the probabilities of falling into Aj intervals cor-
responding to the disPribution f(x; 61, B2, 63).

) Y

If the Hy hypothesis is correct, the t statistics asymptotically have the distrib-
ution XE-B (central distribution of chi-square with k - 3 degrees of freedom)
[3]. If the hypothesis Hy: 93 = B9 is incorrect and the elepents of the sample
X]se+.5Xy have the alternative distiibution f£(x; 91, 92, 63) (alternative to
Hy), the t statistics have a noncentral distribution X&-3. n 5o with the noncen-
trality parameter n{ g. Here : L ? :

5 = min i [P1 (8], 8, 82) — p; (8y, 8, 83)]2

’ 8y, 85, p1 (8, 6,, 6) ’ (2)

where pi(Q', 9', @;) are the true probabilities of falling in the intervals A4,
i=1,...,k[3,5].

Stipulating the ol criterion (the probability of refuting the Hp hypothesis when
it is true) with the significance level, we refute the checked hypothesis if the
t statistic. cxceed the quantile X.2_, () of the probability 1 - of a chi~-
square distributicn with k - 3 degrees of freedom. Thus, the strength of this
- criterion (the probability of refut:].ng phe l;lypothesis Hp: 63 = 30, when it is
untrue, but the alternative Hy:( 61,62, 93) is true, is found asymptotically as
the probability of exceeding .. a random value having the distribution Xﬁ_3 n §0°
2 . ’
that is, in excess of xk_3(o<-). . 9 a))
p (@ =PlYiosn ‘n0> e (@)

(3
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- This critericn does not take into account the fact that the alternatives to the
Hp hypothesis also correspond to a three-parameter gamma distribution and also

- can be called the general )( test, Since in the investigated problem the altern-
atives to the Hy hypothesis also belong to a gamma distribution, the optimum x
test, using the ty statistics

t=f— [vi—p; (8, 8, 8,)]2
’ " e,'_";fj 0, = Z Pi(8y 65,6 “)

will have a considerably greater value.

The tO statistics have the distribution XJZ_ if the Hy hypothesis is true and
Xl, n5 if the alternmative H; is true [3, 5]. The Iuo(ot) value of the optimum

test ()(2) considerably exceeds the value of the general test and asymptotically
1s equal to

o (U.)':P {’..1"_,.;,0> 7.{ (a)” (5)

where x (o) 1g the quantile of the probability 1 - o of a central )(2 distribu~
tion wit11-i one degree of freedom [3, 5].

The value of the optimum and general Pearson test is dependent on the parameter ) 0’
characterizing the degree of differegce bgtween the hypothesis Hy: 63 = g
and the true alternative Hy: (91, 92, 63)

An investigation of more than 50 different variants of the combinatit'm of the hypo-
thetical value 09 of the parameter Cg/Cy and the true values Cy = @2 and Cg/Cy =

, and also the general theoretical cnalysis, using the results cited in [1, 3,
6], makes it possible to propose the following approximation formula for computing
the 4 0 values with breakdown into k>3 intervals, equiprobable from the Hj; point
of view: e
- 3, = 10-3V & —3 (8] — 6,2 (0,70 + 0,25 8, (6 — ©)), )

and with G >6 in formula (6) in place of 9 it is necessary to substitute the
value 6. This dependence makes it possible to compute the value of the general and
optimum )(2 tests with a relative error not exceeding 10-15%.

In actual hydrological computations it is customary to use only the general )Lz test
and in order to avoid minimizing the statistical test in formula (1) it is neces-
- sa to compute the t statistics:
i P —pi (). 85, 84) )

pi (87, 65, 8)) ! 7)

M

where 6% and 9 are evaluations of the parameters 9 = Xp apd 62 = Cy by the
moments method If the hypothesis Hp: 9 99 is true, the t statistics have a
central )l distributiop Xl ,with L degrees of freedom, k - 3¢l<k - 1. If the

- alternative Hl (6, 92, ©3) is correct, the T statistics have a noncentral dis-
tribution )(_l ng’ where
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. (2: (8. ©), 8;) — p; (8;, 8}, &)

=1 o], 6, 60 '

o1 P (8. 8,, 85) (8)
Since for the L value it is only possible to indicate the (k = 3, k ~ 1) interval

of possible values, this test can be called the approximate general XZ test. By
analogy with the precgding precise case the approximate optimum test can be

» determined using the tj statistics:
) k . . ~ B
~ = (v —pi1 (8, 83, )]
{y=¢t—nmin o ‘
- ° 9, El Pr®, 8. 8a) 9

~
The t( statistics have the distribution ‘Xi ng» and_the value of the approximate
th

optim:j.m test, refuting the Hp hypothesis w f'o )){%(0( ), is determined by formula
(5) with the replacement of g by §.

The approximate X2 test accurately corresponds only to the case of checking of the
simple hypothesis Hg: 91 = 'e’]'_‘, 0, =6;; o) =99 versus the complex alternative

. Hjp: 91 = Q;f; 92 =9’£; 9*3 *= O g. Its applicaticn for checking complex hypothes-
es of the type ln! 93 =93 is conditional and leads, as will be demonstrated below,
to a substantial exaggeration of the value.

The following formula is proposed for computing the r) value, determining the value
of the general and optimum criteria, for checking t‘:he simple hypothesis Ho:(ei‘,
- 93, 93) versus the alternatives Hl:(QI, ;_‘, 93) with breakdown into 10 equi-
probablé (from the Hy point of view) intervals

. . 0

5= 0,04 (7 — ) @7, (10)

- making it possible to compute the value of the tests with a relative error not
greater than 10-15%. Formulas (6) and (10) indicate that the § value is several
times greater than the true measure .f discrepancy between the alternative and the
hypothesis JO' ‘

In [2] the statistical tests mett-d was used in investigating the value of the ap-

- proximate general X2 test for checking the hypothesis HQ:Cg/Cy = 63 =1,-3, 4
versus the alternatives Hjp: 6, = 1; 6, = 0.5; 93 = 2. With n = 100 and breakdown

- into k = 20 equiprobable intervals the values of the statistical evaluations p*(oc)
of the value for different O are given in Table 1. In this same table, as a com-
parison, we give the theoretical HT(O() values of the approximate general %2 test
obtained using formula (3) with k = 20. The data cited in Table 1 confirm the ap-

- plicability of the general asymptotic )L'z test in hydrological computations.

- Table 2 gives thcooretical evaluations of the value of the general approximate and
precise general anu optimum tests with n = 100 and @ Q= 4, confirming the point
that there is a substantial exaggeration of the value of the approximate test and
the advantages of the optimur “est over the general test when the class of alter-—
natives is limited by a three-parameter gamma distribution.
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Assume that we have m series of observations Xj j1se..sXinis €ach of which conforms
to a three-parameter gamma distribution with the parameters xg = &1 i3 Cy = 92 i’
z Cg/Cy = 63 i3 i=1,..., m. It is necessary to check the Hj, hypothesas on the gen-
eral type of gamma distribution corresponding to the value Cs/CV = 93. When using
‘the optimum 752 test for each of m samples we compute the tg j; value using formula
(4) and the Hpy hypothesis is refuted in the case of high values of tg statistics,

_ t=Y t (1)
-1

If all m series are independent of one another, the statistics have the central dis-
tribution X% in a case when the Hp hypothesis is true and &3 g = Gg, and the non-
central distribution 7‘3‘1, Ag in the opposite case:

m
M= md,, (12)
i=1
where the ‘;O 4 values can be determined using formula (6).

The value PO(“‘) of the optimum criterion (test) can be determined quite precisely:

Bol@) =P {§>4(2)— 2] = — ]‘B e_';‘:;dx; (13)

3 (a)=—s

E

A (14)
gm0 .
T Vem
Here $ is a canonical normal random value with the parameters (0, 1); 3 (%) is the
corresponding probability quantile 1 -o.

Similarly, the approximate optimum )(2 test refutes the Hy hypothesis in the case
of high values of the tg statistics:

=Xt (15)
1
In the case of nondependence of the series of observations the ElO statistics have
the distribution x% 2 where m
? . -
A=Y 8,
i=1

m

(16)

~
The value H,(¢) of the approximate optimum test when using m independent series
can also be getermined using formulas (13) and (14) with the replacement of .’/\0 by

In a case when the generalized series are correlated, the tg statistics behave
asymptotically as the sum of the squares of m correlated normal values relative
to which joint normality is assumed. It follows from the asymptotic theory of the
)CZ test that the ccrrelation coefficient between tg § and tg j 1s approximately
equal to the correlation coefficient between the corresponding evaluations (CS/CV)
[3]. Using the nomograms cited in [1] it can be computed that this coefficient is
approximately equal to the correlation coefficient between.the values of the

a1
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initial hydrological series xjg, Xjg-

Thus, if we use P to denote the mean value of the correlation coefficient between
m initial series of hydrometric observations, the [+g(&) value of the optimum
)(2 test for checking the hypothesis of a common value of the Cg/Cy parameter
for all series can be determined with a sufficient accuracy using the formula

{ m

210‘3n~ VR =382 8,12 [0,70~0,25 6, (6=03,)]
i ( 3 3 [ 3i (17)

I
1
B o (2)= Fli>% {’»1)"' VZm Vi@ m=1) ?

The relative error in determining the value using formula (17) does not exceed
15%.

_ Similarly, the value of the approximate optimum )Cz test can be evaluated using the
formula:

Zo 04 n; 82 (e,,-ed;

i=1 . . (18)

YVZm Yi<zp(m—1)

{
|
)
Elu'(l : P l : \0.)
\

It 1s possible Lo determine the critical value 80 in formula (13) with which the
probability H(o¢) of refuting the Hg hypothesis when it is not true is assumed to
be inadedquately large in comparison with the probability o of refuting the Hg hy-
pothesis when it is true. For example, with £ £ 1 in formula (13) p(10%) <407,
that is, the probability of adopting an untrue Hy hypothesis is 60% and is only

- 1 1/2 times less than the probability of adopting a true Hqy hypothesis.

This makes it possible to find the mean probable deviations of the true Cg/Cy val-
ue from the hypothetical value for each specific drainage basin, still not checked
using the Pearson test. For example, when using the approm.mate optimum ')(2 test
with a stipulated critical € the r an maximum deviation A2 = (83 ; - 89 )

- for the i~th drainage basin, which imst be expected in the case of adoption of
the hypothesis Hg: Cg/Cy = Gg, ia determined as

A'-'—- W ) 2m ) l«pl(m——l)
- ‘ m 0,04 n; 62 )

19
. 2i
Similarly, the maximum dev1atlons A , not checked bv the optimum )(2 test, are de-
termined: . . e .

. .’\_.;" V2, 10 p(m-—I) .
N T om0 VR =30, 40-{-0239,(6——91,)1 (20)

Formula (20) determines considerably greater values of the maximum deviations of
the hypothe: fcal CS/CV value from the true values and these deviations correspond
to the real possibilities of statistical checking of the correctness of the choice
of the type of gamma distribution, taking into account, in contrast to formula
(19), the influence of the errors in determining the norm and variation coefficient.

As an illustration we will examine the problem of checking the hypothesis of a
common Cg/Cy value for the probability curves for minimum 30-day discharges of
the rivers of Transbaykalia, adopted on ihe basis of data for 89 drainage basins.

92
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For each of the 89 points we computed the mean maximum uncontrollable deviations
(93 - 68) of the true values 931 of Cg/Cy from the regional hypothetical
valud 6%, corresponding to the approximate optimum Pearson test (A) and the op-
timum Pearson test with a breakdown of each of the samples in 10 equiprobable in-
tervals (A) for £y = 1. The A and A values were computed for different values
of the mean correlation coefficient £ between the minimum 30-day discharges of
the rivers of Transbagkalia. The case P = 1 corresponds to checking of the Hg hy-
pothesis: Cg/Cy = O 3 for each individual series.

Table 3, listing six drainage basins, gives the duratioms of the series of observ-
ations n, evaluations of the variation coefficient C$ and the ratio (CS/CV): and
for 2= 0; 0,5; 1 gives the maximum statistical uncontrollable deviations A and

A from the adopted hypothesis for the approximate and precise optimum Pearson
tests.

The data cited in Table 3 show that if one does not take into account the influ-
ence of the errors in determining Xg and Cy, the approximate optimum Pearson
test is not capable of checking even insignificant deviations of the true dis-
tribution from the hypothetical distribution, even when using an individual ser-
ies (P = 1). The correlation of the seriés considerably lowers the value of the
statistical tests, and accordingly, the effectiveness of regional generaliza—
tions.
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UDC 627.51(470,23)
HYDROLOGICAL BASIS OF A PLAN FOR PROTECTING LENINGRAD FROM FLOODS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 87-91

[Article by V. A. Znamenskiy, State Hydrological Institute, manuscript submitted
2 Jun 80]

- [Text] Abstract: The article gives formulation

of the problem, method and range of hy-

drological, hydrochemical and hydrobiolog-

ical investigations of the water system

a Lake Ladoga-Neva River-Neva Inlet and also

- a method for making predictions of changes
of the regime of this system as a basis
for protecting Leningrad from floods.

In order to protect Leningrad against floods, prior to 1990 plans call for creat-
ing a complex of structures which at the time of floods will block the path of
waters from the Gulf of Finland into the Neva Inlet and the Neva delta. In the
protective complex situated along the line Lomonosov-Kotlin Island-Gorskaya vil-
lage and having an extent of 24.5 km there will be stone-earth dikes, two struc-
tures through which ships can pass and six structures through which water can pass.
The construction of protective structures will fully solve the problem of protec-
tion of the city against floods and is clear evidence of the concern of the Party
and government for the city of Lenin and its four-million people.

At the same time, during 1980-1985 plans call for the carrying out of complex
natural and model hydrological and ecological investigations of the water system
including Lake Ladoga, the Neva River and Neva Inlet. These investigations become
- the scientific basis of measures for protecting Leningrad against floods and for
preservation and sanitizing Lake Ladoga, the Neva River and the Neva Inlet.

The formulated scientific problem is extremely complex due to the need for taking
into account the complex regime of individual elements of the hydrographic system
and the influence of economic activity on it.

The upper link in this water system is Lake Ladoga, the largest lake in Europe,

whose regime, despite extensive investigations carried out in the past, has still
been inadequately studied. '

- 97
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During recent years the water quality in the lake has been influenced to a consid-
erable degree by economic activity, in particular, the development of industry and
the implementation of agricultural and meliorative measures on its shores and in
B the territory of the basin.

All the mentioned factors act on the ecosystem of this large fresh-water body.

The waters of Lake Ladoga, entering the Neva River and then into the Gulf of Fin-
land, for a distance of 32 km in the lower course flow through the territory of
Leningrad. The hydrological regime of the Neva, as one of the segments of the
water system, differs sharply from the regime of a lake. In its upper part the
water quality, level regime, current velocity, ice~thermal conditions, etc. are
determined by the regime of Lake Ladoga. The lower part is under the influence
of the Gulf of Finland, In addition, the conditions for the forming of water
quality and the ecosystem of the Neva River is influenced to a great degree by
the cities and industry on its shores, including the economic activity of Lenin-
grad. The plan for the development of Leningrad provides for a complex system of
measures for the sanditizing of water bodies within the city. It includes the
_ clearing of rivers and channels, prevention of the dumping of waste water and
ground, and mu'u else. This has already brought substantial results and during
- the last decade the quality of the water in the Neva River and in the arms of its
delta has substantially improved. )

The delta part of the Neva River is in the backwater of the Neva Inlet of the Gulf
of TFinland, whose influence is reflected not only during the period of floods, but
also in the day-to—day regime, Each day the Neva Inlet experiences the influence
of the Gulf of Finland, whose waters periodically enter it under the influence

of atmospheric processes durlng the passage of cyclones over the Baltic Sea. As a
result of penetration of long waves and the wind effect surges develop in the Neva
Inlet which together with the runoff of the Neva are the basic distinguishing char-
acteristics of its hydrological regime. These regime characteristics are manifested
most clearly during periods of flocds. The combination of these factors determines
the physical background against which the elements of the ecosystem of the natural
regime of this water body are fu.med,

In addition, the regime of the Neva Inlet is presently influenced to a great de-
gree (and will be so influenced in the future) by the economic activity: the ex—
isting and proposed discharge of waste water of the Leningrad sewer system, the
construction of structures for the protection of the city from floods and the pro-
posed shifting of part of the runoff from the Lake Ladoga basin. An evaluation of
its influence on the ecosystem of water bodies is the objective of the planned in-
vestigatiloirs,

Thus, the object of the investigation Is a complex water system with different
characteristics of the water, chemical and biological regimes and diverse types
of the effect exerted on it } elements of man's economic activity. In order to
evaluate its changes it is necessary to take into account the conditioms of in-
teraction among indiwvidual parts of the system and the interrelationship of the
elements of the hydrological, hydrochemical and hydrobiological regimes. In de-
veloping the programs for complex investigations it is evidently necessary to
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take into account the following principal problems:
—- study of the principal laws of vital functioning of the ecosystem Lake Ladoga-
Neva River-Neva Inlet and establishing interrelationships among its abiotic and
biotic patts;
— development of the methodological principles for the mathematical modeling of
R mul ticomponent ecological systems;
= : -- development of a mathematical model of the ecosystem Lake Ladoga-Neva River-
Neva Inlet;
-- preparation of a forecast of the ecosystem Lake Ladoga-Neva River-Neva Inlet
= under the influence of economic activity;
- -- evaluation of the possibility of automated monitoring and optimum control of
the ecosystem of Neva Inlet with respect to the conditions for the formation of
_ water quality.

The research methods must provide for the carrying out of an in-situ study of water
bodies for all elements of the regime and the carrying out of physical, physico-
bilological and mathematical modeling.

The program developed by the State Hydrological Institute includes.
1. A complex in-situ study of the conditions of the present-day status of hydro-
= logical, hydrochemical and hydrobiological regimes of the water system for obtain-
ing initial data for predicting changes in the regime under the influence of econ-
omic activity. The in situ investigations must give information on the present sta-
tus of the ecosystem of water bodies and the river and serve as a basis for a com—
parative evaluation of different elements of the regime in individual parts of the
system. On their basis it will be possible to develop the methodological aspects
of prediction of the change in the regime under the influence of planned economic
measures. These investigations will also be used in developing mathematical models
i of individual regime elements for different parts of the water system and also in
_ a study of the regime in places where economic measures are being directly 1mp1e—
mented (protective structures and waste water outlets).

In situ investigations must be carried out for the entire complex of the invest-

1 igated regime simultaneously at prestipulated times and under a unified program.
_ Only in this case will there be assurance of the necessary comparability of re~
| sults for all parts of the water system. The program of in situ investigations
takes into account the need for materials necessary for developing models and
- forecasting.

2. Development of a method of physicochemical principles for prediction, specific-
ally prediction of changes in the hydrological, hydrodynamic and hydrochemical
regimes of the water system. On the basis of in situ investigations there should
be refinement of the principal patterns of behavior of the hydrological, hydrody-
namic and hydrochemical regimes of the water system, including determination of
the balance of chemical substances for all parts of the water system.

The basis for prediction should be a mathematical model reproducing the hydrolog-

- ical, hydrodynamic and hydrochemical regimes of both individual parts and the
entire water system. Such a model will take into account the processes of trans-
port, dilution and chemical transformation of matter. It is checked using materials
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from field investigations and will serve as the mathematical basis for predicting
the quality of water with further allowance for changes in the volumes of river
runoff, systems of currents under the influence of protective structures and vol-
umes of centralized discharge of waste water.

The results of the hydrological and hydrochemical forecasts will serve as a basis
for evaluating the influence of economic measures on the ecosystem and determina-
tion of zones and sectors dangerous with respect to eutrophication and also for
obtaining recommendations on the sanitizing of water bodies.

3. The development of forecasts of change in the ecosystem of water bodies under
the influence of planned economic measures, which is the main objective of the
formulated problem. Its implementation is based on a preceding field study of the
energy characteristics and functioning of the ecosystems of water bodies in their
present state in combination with study of abiotic factors and the hydrochemical
regime, and also on the results of proposed investigations using physical-hydro-
biological models having the purpose of evaluating the influence of discharge of
waste water on the ecosystem of Neva Inlet. For this purpose on the basis of pur-
ification structrres it is necessary to create apparatus reproducing the physical
conditions of watc» exchange in combination with the entry of waste water and the
influence of the principal climatic factors, which will make it possible to model
the biological processes at the sites of discharge of urban waste waters in the Neva
Inlet.

Probably one of the important aspects of the investigation will be a study of the
interaction of the water and bottom ecosystems in Neva Inlet and evaluation of

its possible change under the influence of economic activity. As a result, inform-
ation should be obtained on exchange processes in water bodies and the stability
of their ecosystems, modeled functions and parameters will be selected and expres-
sions will be derived which will formalize the cause—-and-effect relationships in
the ecosystem for their further appl’.ation in the form of a mathematical model.
On the basis of such a model it wiil be possible to develop a quantitative fore-
cast taking into account the possible changes in the ecosystem as a result of the
planned economic measures and prerisals on the sanitizing of the water system,

4. The use of results of field and laboratory investigations and prediction of
changes in the hydrological, hydrodynamic, hydrochemical and hyvdrobiological re-
gimes for the sclentific validation of measures for preserving and sanitizing of
the Lake Ladoga-Neva River~Neva Inlet water system.

For this purpose, in addition to the studies provided for in points 1-3, plans

call for the :4rrying out of investigations using a large-scale hydraulic model

of Neva Inle., in which studies should be made of the processes of water exchange
between Neva Inlet .nd the Gulf of Finland under existing conditions and after the
construction of protective structures and an evaluation should be made of the
change in the structure of flows in a confined water body. Particular attention
must be given to an investiga.lon of the mechanism of surge phenomena and their in-
fluence on the stiucture of currents, taking into account the influence of protec-
tive structures. The siting and size of water flow-through structures must ensure
the creation of an optimum flow system in Neva Inlet for dilution and transport
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of waste water from existing and planned outlets of purification structures serv-
ing the city and its suburbs. On the basis of an investigation of water exchange
processes and the processes of dilution of waste water a study will be made of the
possibility of control of the regime of flows and the processes of dilution of
waste witer, measures will be developed for the organization of opiimum structure
of flows in Neva Inlet, stagnant and eddy zones will be detected and requirements
will be established on the norms for discharged waste water.

All the mentioned investigations must take into account the conditions related to
the pensible extraction of part of the runoff from the basin of Lake Ladoga.

_ As a result of comparison of information on the existing and predicted hydrochem~-
ical and hydrobiological regimes with materials from investigations on a hydraulic
model it should be possible to develop a scientific basis of measures for the san-
itizing of Neva Inlet, including the problem of contending with eutrophication,
contamination of bottom sediments and secondary contamination of the water mass.

- The system of measures for the sanitizing of Neva Inlet developed on this basis
should include:

- ~- recommendations on the degree of purification and prepurification of waste

waters;

-— recommendations on the siting of planned outlets of purification structures;

—- proposals on the creation of optimum regimes in Neva Inlet in different sea-

sons of the year;

— recommendations on control of the system of currents (by construction of per-

manent and temporary flow-controlling structures in delta distributaries and in

the ocean and also by maneuvering the gates of water flow openings in protective

structures);

-- proposals for creating an automated system for control and monitoring of the

regime of Neva Inlet.

The results of investigations carried out in Lake Ladoga and Neva River will be
used in developing a system of measures for sanitizing these water bodies.

For this purpose a scientific basis must be obtained for measures in the basin,

- on the shores and over the area of Lake Ladoga, directed, in particular, to con-
tending with eutrophication and contamination of both individual regions and the
entire lake. Similar recommendations on the sanitizing of the Neva River must
also be prepared for measures on its shores and in its drainage basin.

As important results of the investigations recommendations must be developed on
the creation of an automated system for monitoring the quality of water and con-
trol of protective and purification structures in Neva Inlet, taking into ac-
count measures for the preservation and sanitizing of the water system. Provision
must be made for the automation of control of the technological process of puri-
fication of waste water in sewage purification structures (including the formula-
tion of algorithms and control models) and the gates of openings in protective
structures for the passage of water in dependence on the information obtained

by an automated system for monitoring water quality in different parts of the
water system.
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In the investigations of 1980-1985 provision is made for the participation of in-
stitutes of the USSR Acadeny of Sciences and agencies of the ministries of elec-
tric power, melioration and water management, fishing, geology, health, higher
and intermediate special education. The functions of the key department are as-
signed to the USSR State Committee on Hydrometeorology and Monitoring of the En-
vironment, and the functions of the key agency are assigned to the State Hydro-
logical Institute. .
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UDC 556.531.4

METHOD FOR EVALUATING THE ADMISSIBLE CONTAMINATION OF WATER BY SMALL SHIPS
- WITH ENGINES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 92-99

[Article by V. K. Plotnikov, candidate of physical and mathematical sciences, and
S. K. Revina, candidate of chemical sciences, Institute of Theoretical and Experi-

mental Physics and Institute of Applied Geophysics, manuscript submitted 13 May
8a]

[Text] Abstract: An attempt was made to ascertain the
maximum admissible discharge of contaminating
substances into water bodies and watercourses
from a nonstationary source of contamination
—-- ships with small engines. Formulas are de-

- rived for estimating the admissible number of
ships with small engines for a particular water
body.

Small ships with engines must be regarded as a source of water contamination on
a par with other water users, which makes it possible to raise the question of
the maximum admissible discharge of contaminating substances by these ships for
each specific water body —- rivers, lakes, reservoirs, The specific characteris-

- tics of small ships with engines as a source of contamination are the following:
their number in each water body is great, their tracks of movement quite uniform—
ly cover the surface of the water body (since the draft of such ships is small,
they also move outside the channel), and the concentration of contaminating sub-
stances in the wake of a moving ship does not differ greatly from the mean for
the water body (the latter will be demonstrated below). Everything said makes it
possible to assume that ships with small engines are continuously distributed
over the surface of a water body and a constantly operative source of contamina-
tion. In principle the chemical composition of the contamination, the mean quan-

- tity of each of the substances entering into the water in a unit time from one

- ship and the mean time of operation of one ship are known, that is, the mean
discharge of each substance by one ship during a definite time, for example, dur-
1ng the navigation season, is known. Accordingly, the concept of the maximum ad-
missible discharge applicable to small ships must be replaced by the concept of
the maximum admissible number of ships for each water body. The mathematical for-
mulation of the problem in this case is as follows: assume that Mj 1s the admis-
slble discharge of the i-th substance into the water of a particular water body dur-
ing the time T, and g i is the mean discharge of the i-th substance during this same
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time by one ship. Then the number of ships for which the discharge of the i-th
substance will be less than the maximum admissible is

N=N =2, @
9

and the maximum admissible [ma] number of ships Ny, for a particular water body
is equal to the minimum of the Nj values, that is, Ny, = Nimin'
In order to determine the maximum admissible discharge (MAD) of any substance it
is necessary to determine the correlation between the MAD and the maximum admis-
sible concentration (MAC) of this substance. We will take into account the process
of self-purification of water and we will assume that the source of contamination
is distributed over the surface of the water body; the length of the sector of
change in the source distribution density is everywhere much greater than the
distance over which the contaminating substance diffuses in the water during the
characteristic time of the self-purification process. Then, taking into account
the exponental nature of the self-purification process [6], we will write an
equation for the mass of the contaminating substance per unit area of the water
body at the time T:

T T-t

dm du (O - m, =

W) Tas e T dttpe (2)
0

where P-(t) = dM/dt is the rate of discharge of the contaminating substance into
the water, dm,/dS is the mass of the contaminating substance per unit area at
the initial moment in time, T is the self-purification time constant.

The discharge of matter in a unit area in the time T is

M _ du (t)

&= [ (3
[H

If the discharge is distributed unif.rmly over the area of the water body and the

rate of the discharge is constant ard equal to

— Mo

B (4)

then the mass of contaminating substance in the water at any moment in time 1s
equal to my and the mass of the effluent is proportional to time and at the time
T is ‘

T
M= my = (5)
The concentvation of contaminating substance in the water in this case is
— mn
L= (6)

where V is the part of the w'..r volume in the water body in which the contamin-
ating substance 1s mixed.

In accordance with the assumptions made chove the contamination occurs uniformly
over the surface of the water body S. Therefore
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V =84,
. €))

where h is the thickness of the water layer mixed with the substance. Wave action
is evidently the most effective process ensuring mixing. The amplitude of the
water fluctuations in a water body with a depth much greater than the wave length
decreases with an increase in the distance from the water surface exponentially
. with the exponent -2 /A z (here X is the wave length and z is the distance from
_ the surface). The distribution of the contaminating substance in the water upon
the ending of mixing will also be exponential with the same exponent. With an
identical concentration of substance at the surface equal quantities of matter
are contained in the entire water volume with an exponential density distribution
and in a layer with a thickness A/27t with a uniform density distribution. Ac-
cordingly, the thickness of the layer of mixed water can be assumed equal to

A

h:T. (8)

We note that this assumption exaggerates the mean concentration of contamination.
Waves can be caused either by the ships themselves or by the wind. Since the
first factor constantly accompanies the process of contamination of water by ef-
fluent from ships, in estimating the thickness h of the layer it is necessary to
take into account the length of the ship's wave specifically. The mixing of the
impurity discharged by one ship is produced by all the ships passing along this
path after it. The length of the ship's wave is determined by the ship's speed
Vship?

A== 2= v?
[c = ship] g 9

Here g is the acceleration of free falling.

With a wind velocity greater than the ship's speed the length of the wind wave,
and accordingly, the thickness of the mixing layer will be greater than that
caused by the movement of the ship. However, in order to simplify the computations
(with some understatement of the volume of mixed water) we will assume that the
thickness of the layer is determined from the ship's wave:

h= _t_;_;- (10)

In this expression ;shi is the mean speed of ship movement. As a result, the
water volume into which contaminating substances enter from ships with engines
is

V=" (11)

if the mean depth of the water body is H>h. If H<h, in (6) it is necessary to
substitute the water volume in a particular water body.

Substituting mg from (6) into (5), we will represent the discharge in the form

= VT 12)

- . <

105
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

Assuming, with allowance for other water users in addition to the small ships,
that the concentration ¢ is equal to a definite fraction of the MAC (c =)ccma),
from (12) we obtain the sought-for correlation between the MAD and the MAC:

My, = XepgVT/ T. (13)

As a simplification, this expression is written here for a non-flowthrough water
body, but it is easy to show that it is also correct for flowthrough ater bodies.
Since the water discharge Q and the current velocity v are usually known for
rivers, expression (13) for a river is conveniently represented in the form

- Mpa = ¥egaQLT/vT , ' (14)

where L is the length of the considered river reach (in this reach the water dis-

charge must be constant), The following expression was used in the derivation of
(14)

B v (15)

We note that iu a river the mixing occurs quite rapidly in the entire depth of the
flow as a result of the turbulence of water movement. In order to estimate the
rate of mixing it is possible to use an empirical formula for computing the dis-
tance of total mixing of contamination from a point source [7]. Using this for-
mula for a river with the width 500 m and the depth 10 m the distance of mixing

B is found to be 2,500 m and the mixing time with a current velocity of 2.5 km/hour
is 1 hour. We note that the mixing of contamination from a source distributed

over the surface transpires far more rapidly. Substituting (13) and (14) into (1),
we obtain expressions for determining the admissible number of ships:

p I VT/q¢ for lakes and reservoirs,

ma ~ | xcp, QLT/que for rivers and flowthrough (16)
canals.

It is obvious that this expression was written for matter giving a minimum N val-
ue, that is, for matter having a minimum value of the parameter

€= Xep/qtr . (17)

- Expressions (16), solved relative to Xcgp, = c, can be used in estimating the con-
tribution and concentration of contaminating substances in the water of a partic-
ular water buedy if the real number of ships based in the water body is substituted
in them in piace of Npae

The literature contains no data on the composition of the exhaust of Soviet-produc-

ed boat engines. However, som~ estimates can nevertheless be made. Source [3] pre-
sents data from the United Scates Environmental Protection Agency on the total dis-

charge of contaminating substaiices by outboard motors in the United States during
1971 when there were about 7.3 millicn such motors in use in the United States (see
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Table 1). The exhaust of outboard motors occurs in the water. Carbon dioxide and
monoxide and nitrous oxide are not dissolved and escape into the air, but hydro-
carbons, sulfur oxides and the higher oxides of nitrogen remain in the water.
Since carbon dioxide is formed from carbon monoxide more easily than nitrogen di~
oxide is formed from nitrous oxide, it can reasonably be assumed that the ratio
of masses of nitrogen and carbon dioxides and oxides is identical and the mass of
the higher oxides of nitrogen is equal to 5% of the total mass of nitrogen oxides.

Table 1
Substance Total discharge Mean discharge Mean discharge
by engines and per motor or per motor or en-
motors in USA per engine per gine into water
year, thousand year, kg per year, kg
tons
Hydrocarbons 184.0 25 25
Carbon monoxide 47.5 6.5 -
Carbon dioxide 966.0 133 : -
Nitrogen oxides 0.39 0.53 0.025
Sulfur oxides 0.058 0.08 0.08
Total substances 1198.0 165 25

The composition of the effluent into the water estimated in this way per one ship
or boat per year (navigat.on season) for American motors is also given in this
table. It should be noted that source [2] also gives data on the lead content in the
exhaust of outboard motors in the United States. The total discharge of lead was
about 300 tons per ~ 100 000 tons of hydrocarbons, that is, about 3+1073 of the
total mass of the effluent. However, A-72 gasoline, on which operate all Soviet
outboard motors without exception, does not contain a lead additive (tetraethyl
lead). Automobile engines mounted on launches use gasoline containing tetraethyl
lead, but in this case the exhaust is usually discharged into the air. Thus, tetra-
ethyl lead is not among the contaminating substances entering the water during the
operation of smgll ships.

Source [4] gives data on the mean time of operation of different types of small
boats in the United States din 1974. It follows from [4] that the average operating
time is ~ 130 hours annually, It is reported in [5] that the average operating time
for one outboard motor in the Swiss canton of Zug is 45 hours per year. In our
country, the average operating time is also about 40-45 hours, and the substantial-
ly greater operating time in the United States is attributable to the fact that in
contrast to the USSR and Switzerland, where the navigation season for small boats
is 4 months, in the United States in many regions the navigation season for small
boats is year-round. Thus, the effluent for one Russian boar must be reduced by a
factor of approximately 3 In comparison with American boats, but taking into ac~-
count that in the fuel mixture of Soviet motors and engines there is lubricating
0i1l which gives a substantial contribution to the hydrocarbon component and which
is 1/20th of the mixture, whereas in foreign countries it is 1/50th, and we will
assume that the quantitative composition of exhaust into the water per boat coin-
cides with that cited in the last column of the table.
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It should be noted that the average power of an outboard motor in the United States
. in 1971, to which the data cited in the table apply, was 30-40 HP, and the maximum
vas 125 HP, whereas the maximum power of Soviet motors is 25 HP and the average is -
evidently 15-20 HP, Therefore, the use of the data in the table in the evaluation of
water contamination by Soviet outboard motors would result in an exaggeratiocn of
the mass of effluent.

Hydrocarbons constitute most of the effluent. We will first assume that they all
- constitute petroleum products, for which, in accordance with the "List of Maxi-
_ mum Admissible Concentrations of Harmful Substances in the Water of Water Bodies
Used for Fishing Purposes,' cpq = 0.05 mg/liter. The time constant of self-purifica- )
tion can be determined using the data in [1], which gives the concentrations of
petroleum products at different points in the Moskva River above Moscow; in three
reaches there are no sources of contamination by petroleum products nor are there
tributaries ensuring the entry of pure water. According to data for these reaches
T= 27+1 hour. As a result, for petroleum products we have &/X = 0.74+10"4 mg/
(kgrliter-hour) = 0.74.10~10 (liter-hour)-l. This value will be minimum if for
the remaining components of water contamination, that is, for sulfur oxides and the
higher oxides of nitrogen, Cma/c is not less than 5.9+10~6 and 1.9:10~6 mg/(liter.
hour) respectivaly.

Since the self-purification constants for these contamination components are un-
known, we will assume them to be equal to the navigation season, that is, ~~3000
hours< 4 months., This can be done, since once a year, regardless of the length of

_ the navigation season, it is known that the water is renmewed at the time of high
water. Then cpy for sulfur and nitrogen oxides must not be less than 0.017 and

- 0.006 mg/liter. In the list of maximum admissible concentrations there is not one
substance which can contain sulfur and nitrogen oxides or the products of their
reactions, that is, substances not satisfying this condition. Thus, the exhaust
components containing sulfur and nitrogen do not limit the admissible number of
boats to a greater degree than petrc.eum products and therefore may be dropped
from further consideration.

It can be assumed that with resp>.t to mass all 1007 of the hydrocarbon component
is attributable to petroleum products, but it also includes a small quantity
(~10-5410"6 in mass) of polycyclic aromatic hydrocarbons having carcinogenic
properties. Benzapyreme (BP) can be adopted as an indicator of this group of hy-
drocarbons, since this substance has strong carcinogenic properties and is most
stable in the presence of different influences. Source [2] gives the results of
measurement of the quantity of BP present in the exhaust of different Soviet out-
board motors, and it is shown that depending on the operating regime the mass of
discharge of BP is from 0.2 to 0.6 mg per motor per hour. Assuming that the aver-
- age operating tir~ is 45 hours per year, we obtain a mass of discharge of BP dur-
- ing the navigation s:ason of qgp=27 mg. The self-purification constant fBP was
determined using the data from [1], similarly to the constant for petroleum -
products and was equal to ~8° hours. The maximum admissible concentration for ’
BP is 5°107% mg/liter. Hence we obtain the value of the £/% parameter for BP
- -~ (g/ ¥pp = 2.1-10"9 (liter-hour)‘], which is approximately 30 times greater
than for petroleum products. This means cthat the admissible number of boats is
limited by the discharge of petroleum products and the BP concentration, with a
number of boats equal to the admissible number (and equal to the X values for BP
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and petroleum products), will be approximately 30 times less than cpg* ¥,

Assuming that the Moskva River, with respect to self-purification conditions, is
quite typical for the central zone of the European USSR, and also taking into ac=-
count that the self-purification constants were determined using data for meas-
urements made in September, when the water is colder than the average for the nav-
igation season, and the self-purification process transpires more slowly, we ob-
tain the following formulas, somewhat understating the result, for estimating the
admissible number of ships:

0,7-10~7 X VT for reservoirs and lakes,

- Nm
0.7.10"7}'.QLT/V for rivers and canals.

(18)

- Here [T] = hours, [Q] = m3/sec, [v] = m/sec, [V] = m3. It should be recalled that -
- with a great depth of the water body (H> h) the V value is determined from expres-

sion (11). With a boat speed of 7 m/sec (that is, 25 km/hour) the thickness of

the mixed layer is h = 5 m. "

It should be noted that in the derivation of the formulas (18) and in determining
the parameters entering into them a number of simplifying assumptions were made,
leading to definite errors. There are several (4-6) factors, each of which can
give an error in Ny by a factor of 1.5-2 in any direction. These errors are inde-
pendent and therefore their squares should be summed, that is, the total error is
equal to (1.5-2) /(4-6)=4 and the admissible number of boats car be greater or
less than that estimated using the formulas (18) by several (up to four) times.,

We will also estimate the local concentration of petroleum products in the wake
of a moving boat, that is, directly at the time of their discharge into the water.
It is obvious that the local concentration is
d dv, o
[KC = wake] Clocal = dr| —a (19) )

where dq/dt is the rate of discharge, dVy,ie/dt is the rate of increase in the
volume of the wake.

<. We will assume that
dg_ . _4_
T T,
[3 = op] ) :

where T,, is the time a boat is operated during the navigation season, E is the
discharge of petroleum products during this same time

dVyake/ 4t = VpoatSs
where Vv, oat is the ship's speed, s is the area of the flow entrained by a boat in

motion Iin which, as a result of flow turbulence, there is mixing of water and ef-
fluent. Then '

Clocal * a/ TopVboatS- (20)
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- Assuming q = 25.100 ng, Ty, = 50 hours, Vhoae = 25 km/hour, s = 1 nZ, we obtain
Ciocal = 0-02 mg/liter, that is, 2.5 times lower than the maximum admissible con-
centration and only four times greater than the mean concentration with a number
of ships equal to the admissible number, and %= 0.1l. The latter circumstance and

i allowance for the rather rapid widening of the wake behind the boat's stern make it
a1 possible to assume that the assumption of a uniformity of the distribution of the
effluent over the surface of the water body is entirely legitimate.

It is also necessary to examine the problem of contamination of water by small
boats with motors and engines at anchor. As a limiting case we will examine an an—
chorage with a closed water body, for example, anchorage in a specially dug canal.
Usually at such an anchorage the volume of water Vi per ship is about 40 m? (width
2 m, length of anchorage 10 m and depth of canal 2 m). It is obvious that in this
case it is necessary to estimate what quantity of petroleum products can be dis-
charged into the water by one ship during the navigation season, that is, ascer-
tain the admissible discharge per ship qmaj- This can be done by using equation
(16), assuming there that N = 1. Then

qmal = )ﬁcmavlT/f . (21)
Usually there are no other sources of contamination in the anchorage, other than
small boats. Accordingly, it can be assumed that = 1. Substituting in (21) cp,
= 0.05 mg/liter, V; = 40 m3, T = 3000 hours, ¢ = 27 hours, we obtain qmaj = 0.22
kg. The mean discharge during operation of the motor or engine per unit time
dq/dt = q/Top 18%0.5 kg/hour. At the anchorage the rate of discharge is 2-3 times

_ less, since the motors and engines there usually operate with few rpm. For the
anchorage we assume dq/dt = 0.22 kg/hour. Then the admissible time of operation of
- the motor or engine in the waters of the anchorage during the navigation season

is about an hour. If during the navigation season the boat leaves its anchorage

30 times, in each entry and return event it is possible to allow only one minute
of motor or engine cperation, assumi..g in this case that there are no other fuel
losses. It follows from the cited estimates that at anchorages, that is, the places
of high concentration of ships, it is necessary to virtually exclude the operation
of motors and engines both durin: novement and especially during their regulation.
Evidently, at anchorages it is possible to permit the use of engines only by large
boats which cannot move under sail. It is also necessary to preclude the entry of
fuel into the water during fueling, the raising of the screws of outboard motors
from the water and in other cases.

As an example we will estimate the admissible number of ships in a water body with
a volume of the layer of mixed water equal to 109 m , assuming that the fraction
of contaminart.ou introduced by small boats with motors can constitute 10% of the
total contam.nati-n with petroleum products (that is, with X = 0.1) and the navi-
gation time is 3000 ".ours (about 4 months).

Then the admissible number of ~hips is 2000. As a comparison we note [8] that the
volume of water in Kuybyshevskoye Reservoir (the largest on the Volga) is 34.6+109
m> with a mean depth of 5.4 m, whereas in Ivan'kovskoye Reservoir it is 0.97-109
m3 with a mean depth of 3 m. These data chow that for the Volga reservoirs the

- volume of the mixed water virtually coincides with the water volume in the water

- body.
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The considerations and computations presented above make it possible to draw the
- following conclusions:

1. The concept of the number of small boats with motors and engines which is admis~
sible from the point of view of water contamination must be introduced for each
water body (river, lake, reservoir).

= 2, The admissible number of small boats is determined from the admissible contamin-
- ation of water in the water body by petroleum products entering from boats.

- 3. The local contamination of water (in the wake) by a moving bbat does not differ
greatly from the mean with a number of ships in the water body equal to the admis-
sible number.

4, The admissible discharge of petroleum products during the navigation season per
one boat during operation of a motor or engine at anchorage is two orders of magni-
- tude less than the total discharge during the same time, making it necessary, on
a practical basis, to preclude the operation of motors and engines of small boats
- with exhaust into the water at anchorages.
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UDC 551.579
EVALUATION OF ACCURACY IN COMPUTING MEAN SOIL MOISTURE RESERVES IN RAINY PERIODS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 100-107

[Article by A. R. Konstantinov, professor, and V. Ya. Lakhovskaya, Leningrad Hy-
drometeorological Institute, manuscript submitted 17 Apr 80] '

[Text] Abstract: Different models of the varia-
tion of soil moisture reserves are consid-
ered for some time interval in dependence

- on the initial and final moisture reserves,
the quantity of precipitation, times of its
falling and intensity of evaporation. A num-
ber of expressions are derived which make

it possible to compute the mean soll moisture
reserves. Using an electronic computer the
authors evaluated the accuracy in computing
the mean moisture reserves using different
formulas. As a vesult, recommendations are
given for computing the mean soll moisture
reserves during rainy periods.

. . In making different hydrological, m:liorative and agrometeorological computations
the need arises for computing the ran moisture reserves of the soil during some
time intervals., As a rule, the minimum duration of these intervals is 10 days
because large-scale regular obs:.vations of soil moisture content in agricultural
fields and dralnage basins are made each 10 days. An expression in the form

W + Wend
= beg ¢
Wmean be 3 £ is used, W

where Wbeg and Wo,q4 are the moisture reserves at the beginning and end of the com—

. putation period.

£
!

i

bl
W
le—1"

1] "7

Fig. 1. Very simple dlagram used in taking precipitation into account. Wpeg and
Weng are the moisture reserves at the beginning and end of the period I3 H is the
quantity of precipitation; i is the number of days elapsing from the onmset of the
period I to the moment of falling of precipitation.
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Formula (1) assumes a linear change in the moisture reserves and the time of fall-
- ing of precipitation during the computation period is not taken into account.

This problem was examined in [1], where a computation method was proposed which

makes 1t possible, in computing the mean water reserves, to take into account the

times of falling of precipitation and its quantity.

1, Simplified Model for Computing the Mean Moisture Reserves With Allowance for
the Quantity of Precipitation and the Time of Its Falling

The diagram shown as Fig, 1 was used in the derivation of the simplified computa-
tion formula in [1]. In this diagram the assumption is made that the intensity of
the decrease in soil moisture reserves remains constant during the entire computa-
tion period (that is, is identical before and after the falling of precipitation).
Such an assumption is far from reproachless, but it makes it possible to derive
- formulas which in the first approximation can be used in computing the mean mois-
. ture reserves during periods with precipitation and thereby give results more pre-
cise than those which are obtained using formula (1). Determining the mean mois-
ture reserves as the mean weighted value during the periods i and I - i (where I
is the duration of the computation period, i is the number of days from the beginn-
ing of the period to the falling of the first precipitation), the following ex-
pressions were derived in [1]:

(2)
[Here and below cp = mean; W, =M+ (_'. 4 ) H.
= beg; K = end] 2

If during the considered period precipiLation falls n times, the formula has the
form \

Wy + Wy
- W= 43 (o — D) H, ®

Using formulas (2) or (3), we will show the influence of the time of falling of
precipitation on the quantity of the mean moisture reserves.

1) With 1 = 0, that is, if precipitation falls directly after determining the ini-
tial moisture reserves (on this same day), formulas (2) and (3) assume the form

. W= Yat Vet )

2) With i = I, that is, if precipitation falls directly before determination of
the final moisture reserves,

W, + W, H
T2 (5)
3) With 4 = 1/2 I, that is, when the precipitation falls in the middle of the in-
terval,
Wy + Wy
ch—__“_ﬁ'—_'\ (6)

4) With H = 0, that is, if precipitation did not fall,
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cp —

W — W“;-Wk
)]

Egpressions (4)-(7) confirm the necessity for taking precipitation into accoutit,
especially during its falling at the beginning or end of the selected time inter=
val. In computing the mean moisture reserves the precipitation falling at the be-
ginning of the interval should be added to the sum of initial and final moisture
reserves (4) and that falling at the end of the interval should be subtracted
from it. The precipitation falling in the middle of the interval exerts no influ-
ence on computation of the mean moisture reserves (6). In the absence of precipit-
ation (7) formula (2) is transformed into the initial formula (1), where precip-
itation is not taken into account.

Formulas (2) and (3) are simple for practical application, but the assumption of

a constancy of the diurnal sum of evaporation, before and after the falling of pre-
cipitation serving as the basis for their derivation makes them inadequately rig-
orous.

We will evaluate the influence exerted on mean moisture reserves simultaneously by
two factors: precipitation and the variability of the intensity of evaporation
with time., Since in nature there can be a countless number of combinations of
quantities of precipitation and the times of its falling, and there also can be
the most diverse changes in evaporation (caused by weather factors), for greater
clarity in solving the formulated problem it is possible to consider the examin-
ed process in schematic form.

We will construct several models of the variation in moisture reserves, assuming
that the initial and final moisture reserves, the quantities of precipitation and
the times of its falling, as well as the intensity of evaporation are stipulated.
For these models we derive formulas which can be used to compute the mean moisture
reserves and then, stipulating diffe-ent values of the initial parameters, we use
an electronic computer to carry onrt a numerical experiment and we will show what
the difference is when computing the mean moisture reserves using different for-
mulas.

In constructing the models we make the following assumptions:

~a) the falling precipitation evaporates with the evaporability intensity Ep (ac-

cordingly, the number of days m during which the falling precipitation evaporates
is equal tom = H/EO);

b) prior to the falling of precipitation and after its evaporation the decrease
in moisture reserves occurs with the identical intensity E, less than the evapor-
ability.

2. Model of Change in Moisture Reserves in Soil During the Falling of One Rain
2.1. The falling precipitation 1s completely evaporated within the interval between
the times of measurement of ..,.sture reserves (i + m€I). In deriving the formula

we use the graphic construction shown in Fig. 2a. The mean moisture reserves during

the period I are determined as the mean weighted value during the intervals i, m,
I -~m- 1, that is
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We, = -; -[ch. i+ Wepmm~+Wep, 1-m—i (1 — ”‘_1)] .
®
- Expressing the mean moisture reserves during the intervals i, m, I - m - 1 through

.the initial parameters and carrying out simple transforms, we obtain

W+ W m (Wi — Wim+2i-1)
|\'¢f u X +W[f{+ 5 "I—m ]

(9)

cp — 2

Fig. 2. Diagram of variation of soil moisture reserves as function of time of
falling of precipitation, its quantity and evaporability during the falling of
one rain. a) diagram for model 2.1; b) diagram for model 2.2.

nb)

Fig. 3. Diagram of variation of soil moisture reserves as function of time of fall-
ing of precipitation, its quantity and evaporability during the falling of two
rains. a) for medel 3.1; b) 3.2; ¢) 3.3; d) 3.4,

2,2, The falling precipitation only partially evaporates within the interval be-
tween the times of measurement of moisture reserves (i + m»I). Reasoning as in
the derivation of the preceding formula, we obtain the following expressions for
computing the mean moisture reserves during the interval I (Fig. 2b):
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ch= Wu';wu +_21_I_ [I‘Wk.__ u’/H +Eol)(l"— l)-—Hll @0

- 3. Model of Change in Soil Moisture Reserves in the Case of Falling of Two Rains
During Computation Period

3.1. A second rain falls after total evaporation of the first and evaporates dur-
ing the computation interval I (i + mg1I, i3 + m; < 1ip). In the considered case,
using the scheme shown in Fig. 3a, we obtain the followlng formula for computing
the mean moisture reserves:

= W+ Wy W — W,
_ WCP_ p) + 2I(i._.—m:)(l-"m.-—m-_») ((I—ml—mz)x

H d b . N . , 11
t[:pe:emzzn; ;1:"’ X\ig—Imy+md— E+2mé)—([—iy—my)X ab
beg; K = s . . . ;

e8s K= end] il —m )+ 2 my i — [ — i — w3l — my)) + PR

where the subscripts 1 and 2 correspond to the first and second rains.

3.2. The second rain falls after the total evaporation of the first and is par-
tially evaporated during the computation interval I (1 + mlé iy, 15 + mp3 I).
The model of variation of the moisture reserves is represented in Fig. 3b, The
computation formula for this case has the form
W+ W (We— W) [mf— iz +2 mdy+ [ (ih—m)]

ch = 5 <+ —
2 20 (hy—m) (12)

|Hy — Ego (1 —0)][(ia— my)* + 2 myiy] Ego (1= i2)* + Hym,

2T Upm ) + 5T

3.3. The second rain falls after partial evaporation of the first and all the rain

evaporates completely in the interv-. I (i) + mi>i2, ip + n' I) (Fig. 3c). The
- computation formula assumes the following form:

Wt W (W= Wi+ ' — =1 (m) + i — )

i} Wep = —5— TG+ h—m) + (13)
- + (b—h)(H +¢) +m' (Hy~c)
217 ’
. where
- , Hl "‘H'.'_‘Eu,l “’.‘ e [l) ‘ (14)
m = H
Epng

(15)
c=H, — Eo (i — iy).

3.4. The second rain falls after partial evaporation of the first and total evap-
oration of precipitation en:. beyond the limits of the interval I (11 + m> 1o,
i, + my»I)(Fig. 3d). The computation formula for determining the mean moisture
r%serves has the fomm
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Wep = uf P o (Wi Wl — i) + Bua by (i =) +

+ Eo_e (I—’z)(iz - il + I) -+ H: (il —2 i,)— Hl il]' : (16)

In formulas (9)-(13) the first term is in fact formula (1). The remaining terms
can be considered as corrections to formula (1) to take into account the precipit-
ation falling during the period between measurements of the moisture reserves.
The absolute value of the correction is dependent on the difference between the
initial (beginning) and final moisture reserves. Accordingly, the following ini-
tial parameters were stipulated for the results of checking computations of the
mean moisture reserves using different formulas: the difference in moisture re-
serves, time of falling of precipitation and its quantity, and also evaporability.
For the purpose of carrying out a numerical experiment the following values were
assigned to these parameters.

The selected parameters were:

—-— the difference between the final and initial moisture reserves in the case of

- the falling of one rain was assumed to be -20, -10, 0, 10 mm, and in the case of

the falling of two rains -~ -20, 0, 30 mm;

—— the duration of the computation period was 10 days;

- —— the precipitarion falling during one rain was 5, 10, 15, 20, 25 and 30 mm;
-— the number of days elapsing from the onset of the period to the time of fall-
ing of the first precipitation in the case of one rainwas 1, 3, 5, 7, 9 days, and
in the case of two rains -- 1, 3, 5, 7 days;

—— the number of days elapsing from the beginning of the period to the time of
falling of the second rain was 3, 5, 7, 9 days;
-~ evaporability was 3, 6, 9 mm/day.

The program for making computations on an electronic computer was prepared in such
a way that from the set of different combinations of initial parameters the com-
puter selected and read out only those combinations which do not contradict the
conditions of the problem and which .re probable under natural conditions (for ex-
ample, the time of falling of the second rain cannot be less than the time of fall-
ing of the first, the increase in moisture reserves by the end of the computation
period cannot be greater than the sum of the falling precipitation, etc.). Using
the results of analysis of the groups of initial data the computer selected one of
the formulas (9), (10), (11), (12), (13), (16) applicable for these conditions and
carried out computations of the correction to formula (1). Corrections using for-
mula (3) were made for the corresponding conditions. The results of the computations
are summarized in Tables 1-3.

It follows from the contents of the table that:

1. The absolute values of the corrections, computed using the new formulas and us-
ing formula ‘3), in most cases either completely coincide or are extremely close.
2. The corrections attain a maximum value (16-18 mm) during the falling of pre-
cipitation at the beginning or end of the computation period.

3. The corrections attain valves of tens of millimeters or more during a single

- rain exceeding 20 mm.

Some conclusions can be drawn on the bacis of the described materials. Formulas of
the type (9)-(13) and (16), although they take into account a whole series of fac-
tors (precipitation, evaporation and moisture reserves), are more unwieldy, incon-
venient for use in large-scale practical computations and in addition do not give

- 118

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

substantial advantages in the accuracy of determination of the mean moisture re-
serves in comparison with formula (3). If an attempt is made to make these fac-—
tors more detailed the formulas will become more complex. Source [2] gives a for-
mula for computing the mean moisture reserves in the case of their change in con«
formity to an exponential law. Comparative computations using this formula and
formula (3) give close results (discrepancy up to 5%), which fall in the limits
of accuracy in measuring precipitation and soil moisture reserves) .

Table 1

Corrections to Mean Moisture Reserves in Dependence on Time of Falling of
Rainfall 1, Its Values H and Evaporability Eqp for Given Changes
_in Moisture Reserves With the Falling of One Rain in 10-Day Period

H
AW=W,—| | _ — i
—W,- | {]E| 5 10 15 20 % 30
- K = end
—2 |56 — - 0(0) 0(0) 10 2(0
716 o(=1*| 0(—2) 0(-(-3) —1(—4) —3(-)—51 -4(-‘-3,) N = beg
—10 P31 1(2) 3(4) 5(6) 8(8) - -
716] 0(—=1) | 0(—=2) | 1(=3) | 0(—4) | ~1(=3) —3(—6)
o |13 — — — - - 12(—12)
913 — 1 —3(—4) | —5(—6)| —8(—8) | —10(—i0) | —12(—12)
+16 |93 — - - —7(—8) | =9(—10) | —11(—12)
el — 1 - | - S T =)

*

The corrections computed using the simplified method (3) are indicated in paren-

theses.

Table 3

Corrections to Mean Moisture Reserves Taking Into Account the Time of Falling
of Precipitation and its Quantity H

{

H I 2| 3| 4| 5| 6| 7 8 9 10
2 1 1] o of of o ol —1 -1 —1
5 ol 20 1| ol o] of =1 -2 —2 —2

10 sl 3l 2l 1] o0 1] -2 -3 —4 —5

15 6 | 4| 3l 1] of 1| -3} —a —6 -7

20 s 6| s 2] o 2| =4 —s —8 | —10

25 w| s| sl 2 of 2| =] -8 | -0 | —12

30 12| 9| 6| 3] o 3| 8] —9 | -2 | —15

Expression (3), proposed in [1], despite its inherent limitations, nevertheless
makes possible computation of the mean moisture reserves during the rainy period
more precisely in comparison with formula (1). In the range of moisture reserves
from 250 to 80 mm in the meter soil layer the use of formula (1) can introduce
an error from 5 to 15% into computation of the mean moisture reserves (for the
conditions of falling of precipitation investigated in the study). An identical
quantity of precipitation, in the case of greater moisture reserves, naturally
glves a lesser relative error. As a result, for a zone of excess moistening,
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where the moisture reserves are great, in making the computations it is desirable
to use formula (3) in those cases when the precipitation sum during the 10-day
period exceeds 20 mm. In the zone of unstable and inadequate moistening formula
(3) makes it possible to increase the accuracy of the computations beginning
_ with precipitation exceeding 10 mm. For convenience in computations of the mean
moisture reserves formula (3) was used in compiling a table of corrections to
expression (1) in the case of falling of a single rain during the considered
period: with the falling of several rains the corrections are summed.
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STOCHASTIC DYNAMIC PROGRAMMING METHOD FOR COMPUTING THE MOST ADVANTAGEOUS SHIP
NAVIGATION ROUTES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 108-110

[Article by S. I. Khalilov, "Geofizika" Scientific Center Azerbaydzhan Academy of
Sciences, manuscript submitted 27 Mar 80]

[Text] Abstract: The author proposes a new approach to
computation of the optimum ship navigation routes
by means of taking into account the errors in prog-
nostic hydrometeorological information, that is,
the introduction into the computation formulas for
the duration of navigation of the numerical values
of the guaranteed probability of forecasts of hydro-
meteorological information.

In computing the most advantageous navigation routes specialists at the USSR State
Committee on Hydrometeorology and Environmental Monitoring now use the isochronal
- method first proposed by R. James for the servicing of ships. It is characterized
by simplicity of the computations and graphic constructions [1, 3, 6].

However, the isochronal method has a considerable shortcoming -~ the lack of proof

of its optimality. For example, when the interval of discreteness of laying out of

courses tends to zero the method for guiding a ship is reduced to the. continuous

N informing of the ship on the direction of development of hydrometeorological con-
ditions, for example, the direction of propagation of waves, which in most cases
is not optimum. :

There are also other methods [3]:
1) the method developed by the Computation Center USSR Academy of Sciences;
- 2) the varlational calculus method;
- 3) a method based on the Fermat principle;
*  4) a method based on the eikonal equation.

The first two methods, similar to the isochronal method, have no optimality proof.
The latter two, although having proofs, are very complex in practical application.

- There is also the dynamic programming (DP) or dynamic planning method, a specific
characteristic of which is that the finding of optimum control is accomplished by
breaking the planned operation down into a number of successive "intervals" or
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"stages," that ls, the seeking of the maximum of the function of many variables
is replaced by the multiple seeking of the maximum of the functiou of a small
number of variables [2, 4, 5].

The DP method was developed by R. Bellman [2] and is based on the optimality prin-
ciple. Applicable to the problem of guiding ships, the latter means that, all other
conditions being equal, the most advantageous routes, computed by other methods,
cannot give better results than the DP method. This circumstance can be used in
checking the optimality of some guidance method: if it gives the same results as
the DP method, it is ome of its modifications. However, if the method gives other
results they are invariably poorer, that is, the method is not optimum.

The described classical DP method, like other methods for computing the most advan-
tageous navigational routes for ships, are determined, that is, they are used only
when precisely known initial data are available. This fundamental shortcoming does
not make it possible to use them with the maximum effectiveness when guiding ships
along the most advantageous routes. Indeed, in guiding ships in the seas and oceans
use is made of prognostic hydrometeorological information, and forecasts, as is
well known, are filled with errors, sometimes rather significant.

Accordingly, it is necessary to find such a method for computing the most advan-—
tageous route as would make it possible to find the optimum routes, taking into
account the errors in forecasts of hydrometeorological conditioms.

The method of stochastic dynamic programming which we have proposed is directed

to the use of probabilistic-statistical characteristics of the arguments of the
optimality criterion, in this case, the duration of navigation. Such an approach
1s possible due to the use of the numerical values of the parameters of guaranteed
success in forecasts of hydrometeorological elements, in particular, forecasts of
waves and weather.

The essence of the method can be erplained in a simplified scheme for computing
the most advantageous route by the DP method (see Fig. 1).

Fig. 1. Scheme for computing most advantageous route for ship by DP method.
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For simplicity in reasoning and ease in exposition, the hydrometeorological condi-
tions are represented in two gradations: favorable (F) and unfavorable (U). Stipul-
ating the durations of coverage of all segments of the route by a definite ship, by
the DP method we calculated the most advantageous routes, using as a point of de=
parture the conditions F and U, A-1-4-B and A-3-6-B respectively. In navigational
practice these computations will serve as the basis for our recommendations to nav-
igators: when "B" arrives (the quotation marks denote a forecast) it is necessary
to move along the route A-1-4-B, and when "U" arrives —- along the route A-3-6-B.

The durations, computed on the basis of forecasts of conditions F and U, will dif-
fer substantially from the real durations of passage along the corresponding
routes due to failure to take into account the degree of probable success of the
mentioned forecasts.

In this article we propose a method for taking into account the probability of
realization of forecasts of hydrometeorological conditions when computing the most
advantageous routes.,

Obviously, depending on the prchable success of the forecasts "F" and "U," the
durations of movements of ships along the routes A-1-4-B and A-3-6-B will be dif-
ferent.

The degree of guaranteed success of these forecasts can be taken into account
through numerical indices. In the first approximation it is necessary to find the
nmathematical expectation of the durations of navigation corresponding to cases of
justification and nonjustification of "F" and "U". For example, for the i-th seg-
ment of the route we can write

=F . -F/F pSF.. wU/F (4 _ pSF
Ty Ti Pi + Ti (1 Pi )
U _ o U/U ,SU F/U - pSU
Ty = Ti P4 TN Q- P, 1

where T?/F and TU/U are the durations of navigation under the condition that the
forecasts "F" and "U" are justified (respectively);

Tq/F and TF/U are the durations of nav§§ation under the condition that the fore-
casts "F" and "U" are not justified; PY" and PSU is the guaranteed success of "F"
and "U" respectively (1 - PSF) and (1 i pSU) abe the corresponding numerical values
of the probability of nonjustification of forecasts of the conditions F and U.

We point out that the probability of the realization of forecasts of hydrometeoro-
logical conditions 1is not taken into account at the present time.

The transformation (1) makes it possible to compute the refined durations of navi-
gation on the basis of existing forecasts.

The total time of movement along the routes A-1-4-B and A-3-6-B i1s expressed accoxd-
ingly by formulas of the type '
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n n
=F _ =F _ F/F SF _ _U/F SF
T >, Ty= 2 Ity By +Ti/ a-eHl.

. 1=1 {=1
n
n . .
Tes = Z Vel s /U - e, ()
i=1

_ It goes without saying that the navigation routes, computed on the basis of TF
- and TV, will be the best.

The transformations (1) and (2) are correct not only for the case of application of
the DP method, but also for any method for computing the most advantageous route.
It must be noted that the use of the stochastic DP method is a qualitatively new
step in the servicing of navigation with the most advantageous routes, as is noted
by K. P. Vasil'yev [3]. The DP method, in comparison with the isochronal method,
is characterized by the rigor of the mathematical approach and glves the optimum
ship navigation routes.

However, the application of the stochastic DP method in the servicing of naviga-
tion requires t'e availability not of intervals of gradations of hydrometeorolog-
ical elements. »ut their definite values and the corresponding probabilities of
realization of PSF and PSU, This requirement is not satisfied today, but its real-
ization is a real possibility. For this it is necessarv to collect statistical
data on forecasts (nmaturally, in gradations) and accordingly, the observed values
of the hydrometeorological elements. Computing the mathematical expectations of
- these specific values, it is possible ‘to determine the numerical equivalent of

the undetermined text of the forecast. Tien it is easy to find the values P§F

and Pgu corresponding to these mathem~tical expectations.

In these reasonings and computations it is assumed that there is one forecast for
the entire movement from A to B. In actual practice, depending on the route, it is
possible to use a number of such fc.ecasts for the entire movement route. In

this case it is necessary to take the DP method, developed by R. Bellman [2], with
a feedback.

B Finally, if not all the PSF and PiUvaluescorresponding to each gradation of hydro-
meteorological conditions are known, it is possible to use the DP method with adap-
tation [2].

Thus, the use of the stochastic DP method unquestionably will increase the effect-
iveness of hydrometeorological servicing of the merchant marine with recommended
optimum courses, which rightfully can be considered an achievement of the USSR
State Commit e on Hydrometeorology [8].
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UDC 556.342
MORE ON EVALUATING THE ACCURACY IN MEASURING WATER DISCHARGES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 110-113

[Article by I. F, Karasev, doctor of technical sciences, State Hydrological Inst-
itute, manuscript submitted 8 Jan 80]

[Text] Abstract: The author demonstrates the inap-
plicability of the limiting errors method and
= some dependences of a special type for evaluat—
ing the accuracy in measuring the discharges of
channel flows.

The water discharge determined by the "velocity-area" method is the result of in-
_ direct multiposition measurements. An evaluation of their accuracy is one of the
complex problems in mathematical statistics, not having a rigorous solution.

On the basis of the hypothesis of absence of correlation of particular errors of
elementary discharges qi in their totality N, in [6], jointly with A. N. Chizhov,
we derived a formula for the mean square error in measuring water discharge

3 -, o~ /2

=W ()

: a*
[Note: We will use Roman numeratls in numbering the formulas in order not to con-
fuse it with the numbering of formulas employed by G. V., Zheleznyakov and B. B.

Danilevich, reference to which is given in the text which follows.]

~ o~
) Here Oh and Oy denote the relative errors in measuring depths and mean velocit-
- ies at the verticals. In contrast to other known dependences, formula (I) includes
the parameter
s=N |
s=N L /e, (11)

s=1

where qg are partial discharges; with allowance for the incompleteness of shore
"gections," their number N is assumed equal to the number of velocity verticals.

The,ﬂ parameter is introduced so that, first of all, despite concepts concerning
the "accumulation" of errors of discrete measurements it is possible in explicit
form to take into account the decrease in the relative error in measuring dis-

charge with an increase in the number of velocity verticals, and second, so as to
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reflect the influence of the different distribution of elementary discharges in
the width of the flow on the accuracy of the measurement results.

In the process of further development of methodological principles of optimization
and evaluation of the accuracy of measurements formula (I) was generalized and
represented in the form [5]

- ~, - u2 .
o =[_3N- (,5x+ag’)]’ . (I11)

The errors OZJS and o:,s entering into this formula relate to the characteristics of
the set N of partial discharges ——- to the area of the section ‘JS and the mean vel-
ocity in the sections between the velocity verticals vg. The ?ws and EVS values,
in addition to instrumental values, include a series of other components caused by
the method of discretization of the elements of water discharge, channel morphology
and kinematic structure of the flow. The computed evaluations 5“’8 and EVS are de-
pendent on the models used and the methods for measuring the water discharges.
Source [5] gives formulas for &y relating to existing and improved measurements
of water discharge by the "velocity-area" method. Emphasis is on the metrological
desirability of the ﬁ parameter as a quality index for the organization of observ-
ations. With ﬁzl, which corresponds to an equality of the Rartial discharges qg,
the greatest statistical smoothing of the errors 0dg and 0Jyg is ensured.

Article [5] drew objections from G. V. Zheleznyakov and B. B. Danilevich [4], who
in contradiction to our formulas cite dependences which they derived and make a
number of comments concerning some general premises for evaluating the accuracy of
measuring water discharge.

The authors of [4] cite a formula for the limiting error in measuring water dis-
charge AQ in which the weighting factors for Av, Ah and Ab are determined on
the basis of geometric expressions, Already in 1969, in collaboration with A. N.
Chizhov [7], we indicated the fundamental inapplicability of the method of limit-
ing errors for evaluating the accuracy of such multiposition indirect observations
ag measurement of water discharge (according to the calculations of N. K. Sibir-
yakova, the values of the errors are exaggerated in comparison with the statis-
tical evaluations by a factor of 3-8). With an increase in the number of velocity
verticals the formula for the limiting error does not reflect the increase in
measurement accuracy occurring in this case and even leads to a directly opposite
tendency, which is already incompatible with the data from practical experience
in hydrometry.

Later G. V. Zheleznyakov and B. B. Danilevich proposed another dependence in the
form of an expression for the mean square error O'Q [3]. The derivation of the
formula is based on the different degree of discretization of the elements of
water discharge: for the errors 9} and Op we used the sections between the
measurement verticals, and for Oy the sections between the velocity verticals.,
This led to a sharp distortion of the weighting factors and the contributions of
the partial errors to the composite error in measuring water discharge. This can
be confirmed in simple numerical examples. N. K. Sibiryakova [10], applicable to
a number of hydrological posts on characteristic rivers, indicated that the
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weight of the errors Cfv by many times (by 4-6 orders of magnitude) exceeds the
values of the weighting factors for other errors. In other words, the accuracy in
determining the discharges, despite the representations of the authors of [3], was
for all practical purposes dependent only on the errors in measuring flow velocilty.

In [4] the authors eliminate the mentioned incongruity and cite dependence (8),
which follows from the discharge model (3) which they adopted, assuming correction
of its recurrent part, adding the terms 0.5 hp Up bp. In their calculations G. V.

B Zheleznyakov and B. B. Danilevich use the same procedure as we for the discretiza-
tion of water discharge elements and the representation of partial derivatives en-
suring conversion to the relative values of the errors. It is easy to see that
the structure of formula (8), if ome discards the mutually compensating errors
in determination of the width of the sections, coincides in form with dependence I
with the substitution into it of the B parameter from expression II. The presence
of the coefficient 0.5 in our formula reflects the fact that it was derived for the
standard analytical method for computing the water discharge, whereas the basis
for the formula derived by G. V. Zheleznyakov and B. B, Danilevich was a determin-
ation of the partial discharges as the half-sums of the elementary qj. Such a mod-
el is considerabliy rougher and therefore is not used in practical work. Equally
imperfect is tue model on which the Hershey formula [9] is based, applicable only in
the case of a great number of velocity verticals (over 20). Under ordinary condi-
tions there can be considerable errors and it is not accidental that Hershey, al-

_ though without adequate tie-in to the amalytical structure of the discharge model,
introduces the additional error of determination of the mean velocity of the en-
tire flow.

The structure of our formula (I), in contrast to (8), corresponds to the premise of
an equal accuracy in measuring the principal elements of water discharge, that is,
an approximate equality of the relative errors Eh and Oyp. This premise is more
realistic than the assumption of an ~quality of the absolute o} and o values,
on which the authors of [4] insist. In actuality, if the genesis of these errors
C is considered in the entire completeness of its factors [10], it appears that with
an increase in depth and velocity there is an increase in the absolute errors in
their measurement, which reflecis the influence primarily of the so-called method-
ological components caused by the uncertainty of the contact of the instrument
with the bottom, the ridged structure of the bottom and the displacement of the
verticals from the hydrometric line by velocity fluctuations and uncertainty in
their vertical distribution. An equal accuracy in measuring depths is also ensured
by the use of different instruments: sounding leads for great h and a reading rod
for small h. The idea of equal accuracy is still more legitimate for the general-
ized dependence III, in which OWg and Ovg characterize the random errors in
measuring t'~ CJS and vg values relating to the sections between the velocity ver-
ticals. We also rind such an assumption in the international standard [9].

With a sufficiently complete coverage of the influencing factors the expressions
for evaluating the accuracy i.. the change of water discharge naturally become
more complex. This relates especially to the error &’yg, which must be determined

taking into account the correlation of its structural components in the width of
the segment bg. Formulas making specific dependence III on the basis of more than
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250 variants of the processing of discharges with different numbers of velocity
verticals, using measurement data for the Neva, Volkhov, Neman, Syrdar'ya, Varzob
and Vakhsh Rivers, for the Bol'shoy Stavrapol'skiy Canal and the Columbia River
(Undted States), are given in [5]. In their derivation the assumption was made
that there is no cross-correlation of errors in determining the partial discharges
qs, and not qg themselves, as asserted by G. V. Zheleznyakov and B. B. Danilevich.
- With a fixed total discharge Q the qg values represent the results of individual
measurements. Accordingly, the correlation between them is entirely determined by
the correlation of errors Ow, and &VS’ and the latter can be neglected for two
reasons. First, because the additional terms of the total error include the paired
products of the corresponding partial errors and the correlation coefficients for
all the sections together, not only adjacent sections. Second, the actual values
of the errors in determining “'S and vg are attributable not only to errors in
measuring hy and v{ at the velocity verticals, but also primarily to the uncor-
related morphometric and structural components, mentioned above. The comments of
the authors of [4] are all the more inadmissible in that they proceed from the
same premises as we. In actuality, according to expression (2) cited in [4], the
water discharge is represented as the sum of mutually independent terms —- partial
discharges, although they include the elementary discharges qi common for adjacent
verticals, and this means, the velocities vj and the depths hj.

~
Thus, the authors of [4] derived a formula for the error O“Q applicable to one of
the special methods for processing the measured water discharges and it must not
be compared with the dependence which we derived in a more genmeral form ITI. The
latter is distinguished by the fact that the computed evaluations of the partial
errors are not included in advance and therefore it is suitable not only for exist-
ing, but also newly developed methods for accelerated measurements of water dis-
charges with the use of echo sounders and integrators of current velocity in the
- depth and width of the flow, but also with a considerable reduction in the number
of velocity verticals. The fundamental characteristic of dependence III isdthat
the computational expressions for evaluating the pertinent partial errors Og
and Ovg entering into it, like the total error 0|, itself, follow from the anal-
ytical basis of the used models for water discharge and therefore can assume dif-
ferent form. Theﬂ parameter in the structure of formula ITI reflects the general
character of discretization of the water discharge elements and at the same time
serves as one of the criteria for optimizing measurements. All this gives basis
for assuming that the dependence III is more rational than others, including the
formulas of the international standard [9].
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INVESTIGATION OF THE STRUCTURE OF A FLUID FLOW IN A CHANNEL USING AN OPTICAL
DOPPLER HYDROMETER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 114-117

[Article by A. M. Gusev, professor, N. K. Shelkovnikov, candidate of physical and
mathematical sciences, V. V, Rozvanov and M. V. Solntsev, Moscow State University,
manuscript gubmitted 16 May 80]

[Text] Abstract: The article describes the use of a

: laser Doppler velocity instrument (LDVI) for
studying the kinetic structure of a fluid flow
in a rectangular open channel, The authors de-
scribe the operating principle of this instru-
ment and the advantages of its use in compar-
ison with methods employed earlier. The vertical
profiles of the velocity distribution were ob-
tained for different Reynolds numbers and it
is shown that the maximum current velocity val-
ue is not at the upper free boundary, but below
it. An interpretation of the results is given.

An extensive arsenal of instrumentation is used in investigating the kinematics
and dynamics of turbulent flows. The most commonly used among these are contact
methods. Among the principal shortcomings of these methods are the perturbing ef-
fect exerted on the flow and spatial averaging. The latter is especially impor-
tant in an investigation of the flow region near the wall, whose dimensions as a
rule are commensurable with the dimensions of the sensors usually employed.

In an investigation of turbulent flows it is common to use the method of a motion
picture survey, making it possible to obtain both qualitative and quantitative
data on flow structure. However, in addition to a number of merits of this meth-
od it also has its shortcomings. For example, prior to the measurements it is

- necessary to carry out a careful choice of the size and density of indicators in
the form of neutral buoyancy spherules. The motion picture survey process is

- rather complex and the processing of the collected data is an extremely time-con-
suming operation which for the time being cannot be automated.

However, during recent years the possibility has appeared of using the optical
Doppler method in aerohydrodynamics. It involves the use of diffuse scattering of
monochromatic light by moving inhomogeneities of the investigated medium and
makes possible overcoming the above-mentioned shortcomings of other methods.
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: -
Fig. 1. Block diagram of experimental apparatus. U is the velocity vector of
the fluid at the measurement point.

The optical Doppler method for measuring the velocity of flows is virtually iner-
tialess, it makes it possible to obtain a good spatial (10711 cn3) and temporal
resolution, does not require calibration, makes it possible to carry out meas-
urements in a great velocity range (103-10 m/sec), and makes it possible to -
study non-Newtonian fluids, active media and boundary layers. In additiomn, this

method is contactless and accordingly during the measurements no additional per-

turbations are introduced into the investigated medium. It makes it possible to

automate data processing.

Among the shortcomings of this method is the complexity in its implementation,

need for precise adjustment, and for the time being, its high cost. It can be
+ seen from a comparison of these two methods that they complement each other

well and in specific experiments preference can be given to one or another,

In this article we give data on the vertical distribution of velocity of fluid
flow in an open rectangular channel with a free boundary, obtained using a laser L
Doppler velocity instrument (LDV1) for both laminar and turbulent regimes,

In creating the experimental apparatus we selected a differential scheme for the

- LDVI as satisfying the formulated problem most completely. In differential schemes
there is visualization of the measurement point (working volume), the choice of -
the observation direction is not critical and the adjustment process is simpler
since it does not require special matching of the light wave fronts.

A block diagram of the experimental apparatus is shown in Fig. 1. The radiation
source used was a He-Ne laser 1 (continuous action LG-52-1 type) with a power of
15 uW with a wavelength A= 0.63pm. The laser ray is split by an optical cell
2, consisting of a translucent mirror and a rotating prism. By means of the rotat-
ing polaroid 3 the rays are evened out in intensity and then by the lens 4 are
focused at "“e investigated point of the flow 5. After passage through the fluid
flow the reference rays are cut off by the diaphragm 6. The radiations scattered
by fluid microinhomogeneities passing through the point of intersection of the
rays are collected by the lens 7 on a photocathode of the photomultiplier 8. The
photocurrent at the photomul*..lier output has a component at the Doppler fre-

- quency fp which is registered by the spectrum analyzer 9. -

The value of the registered Doppler frequency is linearly related to the flow velo-
city at the point of intersection of the beams:

132

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100013-3

FOR OFFICIAL USE ONLY

sin =2

where U is the projection of the flow velocity vector onto the perpendicular to
- the direction of propagation of the rays lying in the plane formed by intersect-

’ ing rays, &, is the angle between the rays in a vacuum, A, is the wavelength of
- the laser ragiation in a vacuum [5]. 0

- As can be seen from the cited expression, the value of the k coefficient is not
dependent on the properties of the investigated medium, but is determined only
by the geometry of the apparatus and for each LDVI scheme is a constant value.
In our case k = 3.6 KHz-sec/cm. '

- One of the important characteristics of the LDVI is the size of the working vol-
ume, determined as [5]

where by, by, b, are the halves of the main axes of the ellipsoid of scattering
(the scattering volume is an ellipsoid whose center is situated on the optical
axis of the system in the focal plane of the lens), d; is the diameter of the beam
at the level of intensity distribution 1/e, & is the angle between the rays in the

- investigated medium. With a given geometry the working volume measures 40 x 470 x
40 pLm.

Using the described laser Doppler velocity instrument measurements were made of
the vertical distribution of current velocity of a fluid in an open rectangular
channel with a slope 0.003. The channel was fabricated from plastic with a thick-
ness of 3 mm measuring 56 x 60 x 400 mm. At the channel input there was a grid
for extinguishing macroscale perturbations. In the investigation use was made of
water without artificially introduced inhomogeneities. The depth of the flow was
H= 6 mm with Re = 490 and H = 9.7 mm with Re = 2720.

The channel was mounted on a bench with a micrometer screw mechanism, which made
it possible to move it in a vertical direction with an interval 0.25 mm. The
measurements were made Iin the axial part of the channel in the region of relative
depths 0.007¢ < 0.993.

The vertical distribution of current velocity was measured for the purpose of re-
fining the kinematic structure of the steady fluid flow in the open channel.

Until recently the opinion prevailed that in open flows the maximum current velo-
- city is at the upper free boundary. Its distribution in this region is such that
- either dU/dz = 0 or dU/dz> O [3, 5-8]. Another point of view has existed — [1]
- —— that the maximum velocity is lower than the free boundary at a relative dis-
- tance from the bottom 7= z/H2~ 0,8, Measurements of the vertical profiles of
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current velocity U(z), published in [1], were made by a contact method with spa-
tial averaging on the vertical of about 1 cm. This did not make it possible to
carry out measurements in the immediate neighborhood of the free surface.
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- Fig. 2. Profiles of vertical distribution of current velocities in ordinary (a)

’ and generalized (b) coordinates. 1) Pe = 380, 2) Re = 1360; 1N is the relative
distance from the bottom; U is mean current velocity; U, is generalized velocity,
z4 is the generalized coordinate.

In connection with the contradictory character of the collected data it was impor-
tant to make U(z) measurements near the free boundary, to determine the presence

and value of the velocity gradient, and also the position of the U(z) extremum in
the surface part of the flow. For this purpose measurements were made of the ver-

tical profiles U(z) using the LDVI for both laminar (Re = 490) and turbulent (Re
= 2720) regimes. .

Figure 2 shows curves of the vertical distribution of current velocities in ordin-

ary (a) and qeneralized (b) coordinates. The dynamic velocity Uy +/£07/o was de-
termined from the friction value on the wall

T,=pndU
0 dz °

The dU/dz value was determined graphically from the experimental profile of current
_ velocity in the bottom region and was 27 sec™l with Re = 490 and 95 sec™! with Re
. = 2720, -
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Figure 2b shows that the experimental points in the central part of the flow
are described entirely satisfactorily by a 1ogarithmic law of the velocity pro-
file [4]

- U,=Algz +B,

where A and B are some constants,
Uy = __!‘ 7= __ZL‘
+= g + .

_ A deviation from the logarithmic law is manifested only in the near-surface boun—
dary layer.

The collected data confirm the results in [1] and their comparison with [1] shows
that the sector with a negative value of the current velocity gradient near the
upper boundary of the open flow is in a broad range of Reynolds numbers, at
least from Re = 490 to Re = 104, -

The nature of the current velocity distribution in the subsurface region is of
fundamental importance for a proper understanding of the kinematics and dynamics

of open flows. For example, the idea that at the upper boundary turbulent fric-
tion has a negative value gave basis for assuming that (with dU/dz > 0) the coef-
ficient of turbulent viscosity is negative. However, taking into account data on the
change of sign on turbulent friction with 7= 0.9 [8] and taking into account the
results in [1] and our measurements it can be concluded that in the region r(> 0.9
the coefficient of turbulent friction is a positive value.

The collected data also make possible a somewhat broader representation of the
kinematic structure of the flow. According to [2], the entire channel of turbu-
lent flow is filled with rotating eddies, the largest of which are commensurable
with the flow as a whole. Such a scheme reflects the real processes transpiring in
a turbulent flow in the presence of one solid boundary. However, in those cases
when the frictional forces on the upper interface can no longer be neglected (that
is, when the current velocity in the near-surface layer decreases), it is neces-
sary to introduce some changes into the scheme of the kinematic flow structure,

to wit: it is proposed that the existing scheme be supplemented by the presence
of a chain of rotating eddies in the near-surface layer as well.
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FORMING AND DEVELOPMENT OF THE THEORETICAL INVESTIGATIONS OF THE ATMOSPHERE IN
THE STUDIES OF V. A. KHANEVSKIY (ON THE HUNDREDTH ANNIVERSARY OF HIS BIRTH)

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 118-121

i [Article by N. Z. Pinus, professor, and I, V. Khanevskaya, Central Aerological Ob—
servatory, manuscript submitted 12 Jun 80]

[Text] Abstract: This is a review of the work of
Professor V. A. Khanevskiy, who early in
the 20th century laid and developed the
basis of the theoretical direction in aero-

- logical and meteorological investigations

of the atmosphere, examining it as a whole

and combining experimental and analytical
research methods.

Fig. 1. V. A. Khanevskiy (second row, fourth from the right) and his students —-—
aerosynoptic specialists of the first planned graduation from the Moscow Hydro-

meteorological Institute, 1934. In the second row: V. A. Belinskiy (second from

the right), A. T. Bergun (third from the left); in the fourth row: 0. @. Krichak
(first from the right), I. A. Klemin (fourth from the right).
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The sclence of the atmosphere began to develop rapidly late in the 19th and early
in the 20th centuries with the organization of more or less regular soundings of
the atmosphere with balloons, kites and pilot balloons. At that time in Russia, at
Petrograd, at the Main Physical Observatory, and at Moscow, at the university, two
major schools of professional geophysicists were formed. They played a major role
in establishing and developing the science of the earth. These schools, over the
course of many years, determined and headed the principal directions in research
in the field of geophysics.

Vladimir Andreyevich Khanevskiy (1880-1943) belonged to the Moscow school of geo-
physicists. He was one of the founders of theoretical investigations in the field
of aerology and meteorology, a leading scientist and teacher, training many Soviet
meteorologists who later distinguished themselves in their scientific, scientific-
teaching and practical work.

V. A, Khanevskiy was born on 14 November 1880 in Putyaty village in Mstislavskiy
District of Mogilevskaya Province in a family of servants. In 1906 he graduated
from the Mathematics Division of the Physics-Mathematics Faculty of Moscow Univer-
sity and remainc 1 at the university for training to professorial rank and was as—
signed as an a=~ictant in the Geophysics Department, then called the Department of
Physical Geography and Meteorology. At the same time he worked at Moscow Observa-
tory at the university (this interesting period of the activity of Moscow geophys-
icists was described in an article by A. Kh. Khrgian). [See A. Kh. Khrgian: "Life
and Activity of Vladimir Andreyevich Khanevskiy (1880-1943)," VESTNIK MOSKOVSKOGO
UNIVERSITETA, No 1, pp 85-88, 1961.] From this time and to 1930 Moscow University
was the principal place of work of V. A, Khanevskiy. In 1914 he was certified as
Private Reader, and in 1918 as Professor in the Geophysics Department.

During the early period of activity of V., A, Khanevskiy the development of aerol-
ogy proceeded primarily in the direction of accumulation of observational data and
improvement in observation methods. v. A. Khanevskiy was one of the first to recog-
nize the need for a changeover fror :he practice of accumulating data to their
theoretical analysis with subsequent synthesis of the investigated phenomena and
processes. Along these lines he * ‘ote a great number of studies, including several
textbooks and monographs.

From the first days of Soviet rule V. A. Khanevskiy was among the young Moscow geo-
physicists who actively participated in work on the organization and reorganization
of Soviet scientific and academic institutions., Jointly with a group of scientists
he participated in the creation of the Institute of Space Physics near Moscow (Kuch-
ino) on the basis of the small Aerodynamics Institute.

At this ins.itut~, solving a complex of geophysical problems, V. A. Khanevskiy suc-
cessively organized meteorological, aerological and theoretical divisions and head-
ed them. Later the institute was reorganized, moved to Moscow and renamed the State
Scientific Research Geophysic-1 Institute (SSRGI).

In 1930, after separation of the Geophysics Department from Moscow State University

and the organization of the Moscow Hydrcmeteorological Institute (MHMI) on its basis,
the SSRGI became the principal center of V. A. Khanevskiy's work. At the same time
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(up to 1934) he worked as a hydrometeorologist in the administration of the Kazan'
Railroad, where, in addition to the operational servicing of transport, he organ-
ized three specialized scilentific research statioms.

Early in 1934 V. A. Khanevskiy again returned to teaching activity. At the MHMI he
presented lectures on dynamic meteorology and aerology, organized the Aerology De~
partment and headed it. In 1937 V. A. Khanevskiy moved to constant work at Khar'-
kov, to the newly organized Khar'kov Hydrometeorological Institute (KHMI). At the
KhHMI he headed the Meteorology Department, was dean of the Meteorology Faculty
and Director of the Meteorology Observatory up to the German-Fascist occupation
of Khar'kov during the Great Fatherland War.

Belng together with most of the professorial-teaching staff and students in the oc-
cupation, V. A, Khanevskly endured all its severity. He moved to-Poltava, where
prior to the liberation of the city by the Soviet Army he was bestially tortured
by the German-Fascist invaders for his refusal to cooperate with them and betray
the Motherland.

Already during his first studies (1906-1914) V. A. Khanevskiy made extensive use
of the methods of mathematical statistics applicable to meteorological observations
at Moscow Observatory, work in which he participated. During this period a number
of his publications appeared with generalized annual data, as well as a climatic
description of one of the physiographic regions of Russia. His work STROYENIYE
ZEMNOY ATMOSFERY (Structure of the Earth's Atmosphere) (1914) was an extremely

deep and many-sided investigation laying the basis for theoretical generalizations
in the field of aerology and bringing V. A. Khanevskiy into the ranks of well-known
Russian scientists. In this book V. A. Khanevskiy, using materials from all types
of observations and the results of indirect investigations of the atmosphere, made
a" global study of the structure of the earth's atmosphere to great altitudes,

about 70-80 km. For the first time he established and demonstrated that the "strat-
ification of the atmosphere should be regarded as a constant phenomenon, one of

its principal properties,” that the presence of a stratosphere, which extends over
the entire earth, is an integral property of the atmosphere. Above the stratospher-
ic layer in the atmosphere there is also stratification with an alternation of lay-
ers of decrease and considerable increase in temperature., In this work V. A." Khan-
evskly for the first time approached the problem of a multilayer tropopause and
called this phenomenon "lamination."

An example of a thorough theoretical analysis of a physical phenomenon in the atmo—
sphere was a study by V. A. Khanevskiy entitled "Blue Color of the Sky," reported
in 1914 and published in 1921.

V. A. Khanevskiy made his most weighty scilentific contribution to study of the phys-
ics of the atmosphere during the Soviet period. In addition to scientific-organiza-
tional and pedagogic activity, in 1918 he undertook investigations in the field of
dynamic meteorology. Among the first studies in this cycle was investigation of the
diurnal variation of the wind in the lower troposphere (1918-1920). Then V. A. Khan-
evskly developed this direction, representing the system of air currents in the
lower half of the troposphere (1919-1925). The final part was investigations of
general circulation of the atmosphere (1923~1925).
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Another article by V. A. Khanevskiy (1919) which belongs to this same cycle of
studies 1s one in which he described the phenomenon of a change in tropospheric

- westerly transfer to a stable easterly transfer in the stratosphere above 20 km

- which he noted in the example of a high ascent of a pilot balloon which took place
in the summer of 1919. He dealt with this phenomenon in greater detail in ar-
ticles devoted to general circulation of the atmosphere.

- In studles of the diurnal variation of the wind on the basis of materials from
systematic aerological observations (four scheduled observations daily) V. A.
Khanevskiy finally demonstrated the presence of a reverse daily variation of wind

- velocity in the atmospheric layer to 3,000 m and made an attempt at a physical
explanation.

An investigation of air currents in the troposphere to altitudes of 3,000 m was
undertaken by V. A. Khanevskily for ensuring flights in controlled vehicles. He
established that a distinguishing characteristic of air currents in the temper-
ate latitudes is a predominance of strong winds in directions with a westerly com-
ponent (maximum winds with a height to 500 m have a westerly direction) and vice
versa, weak winds have an easterly component. An important characteristic ex-
tremely unfavorable for flights is a rapid increase in wind velocity with alti-
tude in directions with a westerly component, especially significant in the layer
from the earth's surface to an altitude of 500 m. Winds of easterly directions
are characterized by a considerable increase only in the layer between the ground
and 500 m, whereas above there are small changes in velocity with a tendency to
some decrease with altitude. In the temperate latitudes with increasing distance
from the ground the wind rotates to the right, especially sharply in the layer
from the ground to 500 m.

The most significant contribution to science was in the final studies in this
= cycle which dealt with general circulation problems. Prior to these there were
only speculative schemes with the c¢? .ssical Trades and Anti~-Trades.

V. A, Khanevskily was the first to systematize and mathematically process extensive
material from observations in the world aerological network of stations and all
expeditions for the period 1905-1912. He physically profoundly analyzed it and

= prepared schemes of general circulation of the atmosphere to altitudes of about
20 km.

The schemes of general circulation are represented by typical distributions of

the wind for enlarged latitude zones. It was established that the wind regime

in the temperate latitudes (70-35°N) is characterized by a predominance of west-
- erly flow. "The wind velocity exhibits an increase to 10-12 km (to the lower
boundary of ‘he stratosphere) and then a decrease to an altitude of 20 km." With
the mean wind velo~itles at the lower boundary of the stratosphere cited in the
studies and the proper emphasis of their change above this layer it must be as-
sumed that V. A. Khanevskiy came close to the discovery of the subtropical jet
stream. Later he returned to tnils problem,noting that the "most significant maxi-
mum wind velocities were measured at'altitudes 8-11 km, to be specific, 65 m/sec.
But without question, in these layers there may sometimes be still greater wind
velocities and there are already measured velocities greater than 100 m/sec.”
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The fact of a summer predominance of easterly transfer in the temperate latitude
stratosphere, demonstrated by V. A. Khanevskiy, was a discovery made in this per-
iod., Proceeding to the wind regime of the subtropical latitudes, V. A. Khanevskiy
iddicated that there above a thin layer with the Northeast Trades (1-2 km) there
is a westerly flow of great thickness. On this basis he drew the proper conclu=
sion, bold for that time: "Such wind conditions persist in a region to an alti-
tude of 16 km, that is, to the maximum altitude for which observations are avail-
able. Accordingly, there can be no talk of the Anti-Trades here."

The tropical wind regime, characterized by easterly winds, is established in the
zone 20-15°N, immediately over the Northeast Trades. V. A. Khanevskiy notes that
"in the Sudan, beginning with an altitude of 10 km, the wind velocities are al-
most twice as great as over the Atlantic Ocean. They average 21-29 m/sec." Thus,
here also attention is brought to the now well-known fact of the presence of a
climatic easterly jet stream with its center over the Indian Ocean and Africa. To
- the south of 10°N and in the equatorial zome to 5°S a tropical wind regime al-
ready dominates from the ground itself to definite altitudes. Winds with a west-
erly component are discovered only during a period of monsoonal rains in the
troposphere. Westerly winds were also observed by V. A. Khanevskiy in the equator-
ial zone in the stratosphere as a phenomenon which does occur, although rarely.

The distribution of temperature in the system of general circulation of the atmo-
sphere was represented by V. A. Khanevskly in the form of the mean meridional. sec—
tion between 70°N and the equator. Such a section was constructed for the first
time on the basis of factual material. Its most important characteristics and the
typical nature of the distribution of isotherms are repeated in later sections
constructed by many scientists on the basis of modern observational data. Using
the mean temperature for air columns of different thickness V. A. Khanevskiy com-
puted the mean altitudes of the isobaric surfaces (not standard) in the layer
from the ground to 16-17 km. In the vertical section of the atmosphere between 7°N
and 5°S it is easy to see a characteristic pattern of isobars. A comparison of the
empirical and theoretical (geostrophic) wind velocities enabled V. A. Khanevskiy
to draw the conclusion that the pattern of change in the slope of the isobaric

- surfaces with altitude at different latitudes in general agrees with the vertical

change in wind velocity.

Thus, the studies of V. A. Khanevskiy, devoted to general circulation of the atmo-
sphere, constitute a classical theoretical-experimental investigation essentially
outpacing the scientific concepts of that time. On the basis of an analysis of
the wind field, the first vertical sections of the thermal and pressure fields be-
tween the pole and equator, there was detailed development of the idea of a close
- relationship between the temperature and wind fields in the free atmosphere. As
is well knowr, this idea was later one of the fundamental scientific principles
in the pressure pattern method. Over a period of many years the results of the
- investigation by V. A. Khanevskiy remained unsurpassed. Such investigations of
general eirculation were repeated and substantially developed only during the
post-war years by a number of Soviet and foreign scientists.

He devoted an investigation extremely significant in its scientific results to an
investigation of the influence of macroscale turbulence on heat transfer in the
atmosphere. By means of computations he was able to demonstrate the decisive role
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which is played by macroturbulence of extratropical atmospheric circulation in
the redistribution of heat between the equator and the pole (1921). Climatic data
wete used in determining the mean transfer of heat from the equator to the pole --
gbout 1.1 gcal/cmzsec, which according to calculations as a long-term average

_ ¢reates a mean temperature increase of 5°C in the temperate latitudes, up to 13°C
at the north polar circle and up to 10°C near the pole.

In 1937 V. A. Khanevskiy carried out an extremely interesting scientific investig-
ation of cold waves useful for the practical weatherman. On the basis of a 20-year
_ series of weather reviews he studied the cold waves propagating over the European
USSR. He discriminated five types of synoptic situations during which there was
a marked temperature decrease attaining 35°C per day and sometimes even 10°C per
hour and detected the characteristic changes of the main meteorological elements.
For the first time it was demonstrated that cold waves are a result of advection
of cold masses. These masses have a great thickness and over them there is warm
air moving in the other direction. The cold waves are propagated at velocities
considerably exceeding the wind veloecity and accordingly the advection of cold is
accompanied by descending movements in the entire thickness of cold air. Thus,
during the init al period of development of synoptic meteorology V. A. Khanevskiy
studied the mre~ important properties of a cold front, demonstrated the role of ad-
vection and represented typical synoptic situations.

In the early 1930's the problem arose of studying the stratosphere. A commission
of the Hydrometeorological Committee was formed for this purpose and it formulat-
ed a number of problems which had to be studied first. V. A. Khanevskiy took an

- active part in the work of this commission and was one of the principal speakers
at the First All-Union Conference on Study of the Stratosphere, called by the USSR
Academy of Sciences in 1934 in Leningrad. A number of articles by V. A. Khanevskiy
were specially devoted to the characteristics of the stratosphere (1933, 1934,
1938).

An original investigation was that of the spatial structure of high anticyclones.

In two articles (1929, 1932), on the basis of a detailed examination of the devel-
- opment of a high anticyclone on "0 September-l October 1908, V. A. Khanevskiy
clarified, using the high-level charts which he constructed (for the first time
in our country), that a high anticyclone consists of two air flows: cold northeast-
erly and warm southwesterly of a great thickness (more than 16 km). These flows
are separated by a clear transition zone whose average slope is about 1:450 with
the absence or very weak exchange of masses between the flows. A temperature de-
crease was associated with the intrusion of this cold flow. It was especially sig-
nificant in the upper troposphere (5-7° at altitudes 6-8 km) and in the strato-
sphere (12-13° at 11-13 km). Thus, in this study it was demonstrated for the first
- time that h.gh z-ticyclones, the same as cyclones, have a frontal structure. Later
: this fact was conli.med and found further development in the studies of Soviet sci-

entists,

A logical result of the 35 years of teaching and scientific activity of V. A. Khan-
evskiy was writing of textbooks and study aids. He was the coauthor of our nation's

first (1923) course in geophysics. A secnnd supplemented and enlarged edition of
this textbook appeared in 1938,
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On the basis of courses of lectures presented by V. A, Khanevskiy at Moscow
University on atmospheric optics and meteorology he published his famous book
SVETOVYYE YAVLENIYA V ATMOSFERE (Light Phenomena in the Atmosphere) (1930), as
well as two academic aids on meteorology written in collaboraticn with A, P.
Loidis. During the last years of his life V. A. Khanevskiy worked on a textbook
in the field of aerology, but he did not succeed in finishing it.

V. A. Khanevskiy endeavored to transmit his rich scientific experience to the
younger generation. His studepts, many of whom became leading scientists, brought
to science the capabilities of their teacher to employ the physicomathematical
method, the striving to ascertain the quantitative relationships between atmo-
spheric phenomena, the endeavor to develop physical concepts concerning the pro-
cesses transpiring in the entire thickness of the atmosphere, combining experi-
mental and theoretical methods.
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REVIEW OF MONOGRAPH BY A. I. LAZAREV, A, G. NIKOLAYEV AND YE. V. KHRUNOV:
POPTICAL INVESTIGATIONS IN SPACE' ('OPTICHESKIYE ISSLEDOVANIYA V KOSMOSE"'),
LENINGRAD, GIDROMETEOIZDAT, 1979, 256 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 122-123
[Review by V. A. Dzhanibekov, USSR flier-cosmonaut]

[Text] Beginning with the first space flight of Yuriy Alekseyevich Gagarin optical
investigations from space have been used extenmsively in a study of the earth's
natural resourcee, physical properties of the atmosphere, interplanetary and cos-
mic space. During the years of space conquest many highly important results have
been obtained from investigations of the atmosphere and atmospheric-optical phen-
mena. Each space flight has brought new data on the optical characteristics of

the environment observed from space. ‘

The authors of the book, two of whom are USSR flier-cosmonauts, and the third be-
ing a well-known scientist in the fileld of optical investigations in space, have
carried out much work in the systematic arrangement, analysis and genmeralization of

- the optical investigations carried out for the most part from Soviet manned
spaceships. .

The book opens with a chapter devcced to optical investigations from Soviet manned
spaceships during 1961-1978. It describes in adequate detail the principal stages
in the development of these investigations from the first flight of Yu. A. Gagarin
to the flight of the second expedition of the "Salyut-6" orbital station.

- The authors successively analyze the programs and results of visual observations
and instrumental investigations of Soviet cosmonauts. In special detail they ex-
amine the materials obtained during the flights of the "Vostok" and “Vostok-3,"
"Yoskhod” and "Voskhod-2," "Soyuz-5" and "Soyuz-9", and also during the time of

- the manned flights of the orbital stations "Salyut-4" and "Salyut-6."

The reliabil .cy of the visual observations of cosmonauts is dependent to a consider-
able degree on the ‘~fluence of spaceflight conditions on the principal functions

of the visual system. Accordingly, it is entirely natural that the next chapter

1s devoted to an investigation of vision in space. It is shown convincingly that in
space the visual system remains as rellable an information chamnel as under ordin-
ary terrestrial conditions, and that the results of visual observations of cosmonauts
can be used extensively in the study of ihe environment from space. On the basis of

- my own spaceflight experience I fully concur with this conclusion.

The possibility of observing extended radiation sources in space (the same as under
ordinary conditions) is determined by the relationship of the frequency contrast
characteristics of the visual system of the cosmonauts, the observed objects, the
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earth's atmosphere and the windows in spaceships. In this conmection the book
gives fundamental information on the frequency-contrast characteristics of the
visual system, the atmosphere and windows. These concepts are supplemented by an
analysis of the possibilities of observing point and linear sources against a
radiating background.

A considerable place in the book is devoted to an investigation of the earth's at-
mosphere and atmospheric-optical phenomena. On the basis of materials from space
experiments and data from rocket sounding the authors present a schematic model of
radiation of the earth's upper atmosphere when making observations from space. The
greatest detail is given in descriptions of some phenomena for the first time ob-
served from space on the earth's nighttime side and in the twilight zope. These
inclvde the spatial structure of radiation of the nighttime atmosphere in the vis-
itie region of the spectrum, scintillation of stars and the planets at the earth's
nighttime horizon and the phenomenon which has been called the earth's "blue zone."
On the basis of the materials of the observations made by two of the authors, and
on the basis of the results of observations of other cosmonauts, the book gives

a plcture of development of the twilight glow in dependence on the angle of solar
depression. For the first time the book gives an analysis of the phenomenon of
hanging of the twilight radiation of the upper atmosphere above the earth's hori-
zon, having the name "whiskers effect," observed by the crew of the "Soyuz-9"
spaceship, which included one of the authors of the book. Thereafter this phenomenon
was observed by many cosmonauts, including the crews of the orbital stations "Salyut-
4" and "Salyut-6." <

In connection with the observations from the "Voskhod-2" spaceship a study was made
of the possibility of investigating the solar corona and zodiacal light at the
earth's twilight horizon prior to sunrise and afterward, in the second case -- with
allowance for the attenuation of direct solar radiation in the dense layers of the
atmosphere. A further development of these observations was the "artificial solar
eclipse" experiment carried out during the joint Soviet-American flight under the
"Soyuz''-"Apollo" program.

On the daytime side of the earth the authors examine the characteristics of the spa-
tial structure of emissions of the upper atmosphere. In this connection there is a
detailed exposition of the results of observations from the spaceships "Soyuz-3"
and "Soyuz-9," serving as a basis for clarifying the vertically rayed structure
(horizontal inhomogeneity) of the daytime emission of the earth's upper atmosphere
in the twilight zone. The authors also give the results of similar observations
from the "Salyut—4" orbital station. The book presents hypotheses concerning the in-
terrelationship between the horizontal nonuniformity of daytime emission of the upper
atmosphere and acoustic-gravitational waves, as well as one of the reasons for the
appearance of gravitational waves. This hypothesis is evidently not completely in-
disputable. Methods for investigating the spatial nonuniformity of daytime emission
of the upper atmosphere from rockets and satellites are also examined and described
in detail.

The section devoted to auroras briefly describes the spatial and optical character-
istics and also gives the results of visual observations of auroras from space.
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The last chapter in the book gives observational data and develops the concept
of Fresnel reflection of radiation from the atmospheres of planets and comets

- as a new experimental method in astronomy and astrophysics. This phenomenon was

for the first time observed from space by the crew of the "Voskhod-2" spaceship

_ in March 1965. Later it was photographed by one of the authors of the book from
the "Soyuz-5" spaceship and other Soviet and American cosmonauts and astronauts.
The authors examined the possibility of observing and using this phenomenon for
remote investigation of the physical properties of the atmospheres of the planets
and comets. In particular, from this point of view there is an analysis of one
of the phenomena observed by M. V. Lomonosov during the transit of Venus across
the solar disk on 26 May 1761.

The authors of the book were able to achieve their objective of systematizing,

analyzing and generalizing the results of optical investigations from space. The
book is written in good literary language, is easily read and will be extremely
useful to many specialists in the fields of astronomy, astrophysics, geophysics

and space optics. It will be a good aid in the training of cosmonauts for new
flights.
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EIGHTIETH BIRTHDAY OF NIKOLAY FEDOROVICH GEL'MGOL'TS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 p 124
[Article by V. M, Mikhel®, N. S. Shishkin and N. I. Novozhilov]

[Text] Candidate of Geographical Sciences Nikolay Fedorovich Gel'mgol'ts, one of
the oldest Soviet aerologists, marked his 80th birthday on 28 October 1980.

The many years of scientific activity of N. F. Gel'mgol'ts before the Great Father-
land War transpired for the most part at the Borispol'skaya Aerological Observatory
near Kiev, but in part was also associated with the aerological observatory at Pav—
lovsk, near Leningrad, but after the war it was at the Kazakh Scientific Research
Institute, where he worked as head of the aerology section.

The first scientific investigations of Nikolay Fedorovich (1925-1927) were in the
field of improvement of nephoscopic observations, at that time, with the still in-
adequately developed network of pilot balloon statioms, playing a major role in de—
termining wind aloft. Later N. F. Gel'mgol'ts invested much work and creative in-
- itiative in the development of the pilot balloon method and its applications and
the organization of pilot balloon observations. Here he did work on the aeroclimatic
characterization of the wind in the free atmosphere (both on the basis of direct
measurements of the wind by the pilot balloon method and indirectly, on the basis
of computation of wind velocity and direction aloft on the basis of data on the dis-
tribution of surface isobars and isotherms) and proposals on improvement of the sys—
tem of pilot balloon observations and publication of observational data.

An important scientific~methodological and organizational role for the development
of the network of pilot balloon stations was played by the RUKOVODSTVO PO BESTEODO~
LITNYM PILOTNYM NABLYUDENIYAM (Manual on Observations of Pilot Balloons Without Use
of Theodolites) (Kiev, 1937) and other methodological studies.

Being a major specialist ¢n clouds, Nikolay Fedorovich did much for the development
of observations of clouds in the network of aerological and meteorological stations,
for the methods for their climatological processing and for characterizing the nat—
ural probability of different cloud genera. His investigations of the climatology
of clouds belong to this same cycle of studies.

The monograph by N. F. Gel'mgol'ts entitled GORNO-DOLINNAYA TSIRKULYATSIYA SEVERNYKH
SKLONOV TYAN-SHANYA (Mountain-Valley Circulation of the Northern Slopes of the Tien
Shan) (1963) is of special importance; it is characterized by breadth of coverage
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of the investigated atmospheric phenomena, original approach and practical ap-
plicability. The author completes his deep and many-sided investigation with an
excellent review of the results he obtained and the conclusions which he drew on
mountain-valley circulation and its dependence on geographical conditions, on its
regime in the foothill zone, the atmospheric and physical phenomena associated
with it and the peculiarities of the diurnal variation of meteorological elements
(alternate migration of atmospheric moisture and dust at nighttime from the moun-
tains, and during the daytime -~ into the mountains), on the moving force of cir-
culation, on the vertical structure of circulation in a mountain valley and in
the foothills, etc.

During this same period of work at the Kazakh Scientific Research Hydrometeorolog-
ical Institute Nikolay Fedorovich, continuing and developing his aerological and
aeroclimatic investigations of cloud cover over an extensive area of Kazakhstan,
worked successfully on timely problems related to the physics of clouds and precip-
itation. He actively participated in interesting and important experiments conduct—
ed jointly with the Section on the Physics of Clouds and Artificial Modification
of the Main Geophysical Observatory for inducing summer and winter precipitation
in Tselinnyy Kroy. Then, in collaboration with V., I. Rogozin, he thoroughly inves-
tigated the structure, liquid-water content and radar reflectivity in the Zailiy-
skiy Alatau.

We could mention a number of other interesting and valuable aerological and meteor-
ological studies of N. F. Gel'mgol'ts, but we will limit ourselves in conclusion

to only one other, relating to a problem of much timely importance: monitoring
pollution of the air medium. We have in wind an investigation of Nikolay Fedoro-
vich in which he emphasizes the specizl significance of the singular climatic con-
ditions in Alma-Ata, during some atmospheric processes favoring a considerable
contamination of the alr basin in this region. A number of important characteris-
tics of mountain-valley circulation, associated with contamination of the urban at-
mosphere in Alma-Ata, were set fort’ earlier in the above-mentioned monograph by

N. F. Gel'mgol'ts.

- Nikolay Fedorovich did much prodictive work in the field of preparation of profes-

sional meteorologists and aerologists. As a man he is characterized by sincerity,
responsiveness, great erudition and breadth of interests.

We sincerely congratulate Nikolay Fedorovich Gel'mgol'ts on his noteworthy birth-

- day and with all our hearts we wish him new creative successes, good health and
well-merited rest.
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SEVENTIETH BIRTHDAY OF ANATOLIY IVANOVICH KARAKASH

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 125-126

[Article by workers of the USSR Hydrometeorological Scientific Research Center]

[Text] Anatoliy Ivanovich Karakash, senior scientific specialist in the Marine Hy-
drological Forecasts Section of the USSR Hydrometeorological Center, one of the
leading specialists in the field of marine forecasts, marked his 70th birthday

on 11 September 1980.

All the scientific activity of Anatoliy Ivanovich, extending over 30 years, was
associated with the USSR Hydrometeorological Center, where he arrived in 1947. How-
ever, his first scientific studies on forecasts of the level and appearance of ice
in the southern seas of the USSR were published as early as 1939 when after gradu-
ating from Moscow Hydrometeorological Institute he worked first at the Baku and
then at the Sevastopol' Administrations of the Hydrometeorological Service.

The Great Fatherland War interrupted the scientific activity of Anatoliy Ivano-
vich. He was delegated an important assignment: rendering assistance to the par-
tisan detachments of Yugoslavia in the organization of a meteorological service.
He manifested personal valor and courage, for which he was awarded the Yugoslav

- order of the Partisan Star Second Degree. His participation in the war earned him
the Order of the Fatherland War Second Degree and medals.

During the first post-war years A, I. Karakash worked at the headquarters of the

Main Administration of the Hydrometeorological Service in the main inspectorate.

While in this post he did much for strergthening the hydrometeorological service
- in the country.

In 1947 A. I. Karakash arrived at the Central Institute of Forecasts (USSR Hydro-
meteorological Center) and completely devoted himself to scientific work.

Under his direction and with his direct participation he carried out scientific in-
- vestigations for the purpose of developing methods for predicting sea level, water
- temperature and ice phenomena in nonarctic seas, etc.

In the course of all his activity he has devoted great attention to introducing

research results into practice. This was reflected in the routine compilation of

- marine hydrological forecasts on the basis of his methods, the writing of methodo-
- logical instructions, etc. A. I. Karakash was one of the initiators and organizers
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of the creation of a service in our country for supplying recommended c~ .ses to
navigators. He devoted a number of investigations to this problem. A, i. Karakasl:
dealt with an extremely broad range of problems, but the main plac: in his scien-
tific interest was occupled by investigations in the field of development of methods
for the long-range forecasting of ice conditions in the seas of the USSR. A. I.
Karakash has been the author of more than 40 published studies in the field of mar-
ine hydrological forecasts.

During the period 1964-1979 A. I. Ka:akash worked as head of the Sea Forecasts Sec-
tion. His rich experience in operational and scientific work has been meticulously
handed down to the young specialists in the section and to graduate students.

In noting the scientific services of Karakash on his birthday, it is impossible to
pass over his great social and political work. A member of the CPSU since 1942,

A, I, Karakash has repeatedly been elected Secretary of the Party organization. He
was a propagandist for many years. A thorough-going Communist, a specialist lov-
ing his work: that is how Anatoliy Ivanovich is known among his associates. He has
been awarded the Honorary Diplcma of the USSR Supreme Soviet. His name has been
added to the Honor Roll of the USSR Hydrometeorological Center.

Anatoliy Ivanovich rieets his 70th birthday with full strength and creative thought.
We wish him good health, creative successes and long years of productive activity.
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CONFERENCES, MEETINGS, SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 126-127
[Article by D. A. Tarasenko]

[Text] The 23d COSPAR Session (Committee on Space Research) was held in Budapest
during the period 2-14 June. Within the framework of this session there were sev-
en symposia, two working groups and specialized sessions.

Specialists of many countries in the world participated in the work of COSPAR. The
meteorological aspects of the upper atmosphere were examined in the symposium
"Operation of Systems and First Results of Observations Under the Global Atmo-
spheric Research Program" and at a session of the Interdisciplinary Scientific Com-~
mission (ISC) on the subject: "Study of the Upper Atmosphere of the Earth and Plan- -
ets from Space, Including Models of the Atmosphere." There we' : four subcommissions
in this commission: 1. "Methods for the Representation of Energy Lourc:s in the
Parth's Upper Atmosphere and Ionosphere.'" 2. "Upper Atmospheres and Ionospheres of
the Planets.”" 3. "Models of the Earth's Mesosphere and Thermosphere" and 4. "Ob-
servations of the Planets Using Circumterrestrial Space Vehicles."

Problems associated with the meteorology of the upper atmosphere were discussed in
a number of reports examined in subcommission 3. We will briefly discuss some of
themn,

The first paper presented at subcommission 3 was from the Soviet Union. The report
entitled "Models of the High-Latitude Stratosphere and Mesosphere" (G. A. Kokin,

D. A, Tarasenko, L. A. Ryazanova) was requested. It examined problems relating to
the accuracy of rocket sounding and comparability of instruments. Methods were pro-
posed for taking into account longitude, latitude, interhemisphere and interannual
(for the winter season) differences in the thermodynamic parameters and wind in the
stratosphere and mesosphere. A study was made of the influence of solar activity
in the ll-year cycle on the temperature regime of different layers of the atmo-
sphere in winter in the polar region.

The second report was devoted to the global distribution of temperature in the meso-
sphere, obtained from a satellite. Its authors K. Labitzke (West Berlin) and G. Bar-
nett (Great Britain) for all months in the year constructed maps of the distribution
of temperature in the mesosphere on the basls of the intensity of outgoing radiation
and analyzed the influence of stratospheric dynamics on the temperature regime of

the upper mesosphere, The intensity of outgoing atmospheric radiation was determined
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by a group headed by Professor G. Houghton from Oxford with a pressure-modulated
= radiometer (PMR). The radiometer was carried by the "Nimbus-6" satellite. It had
a pumber of channels with peaks of the weighting functions in different layers
of the atmosphere. The authors of the report used the 3000 channel. The data ob-
tained using this channel are for the time being unique and very valuable satel-
1ite materials on the upper mesosphere (about 90 km).

P. Chakabarthi and D. Chakabarthi (India) presented a report entitled "Variations
of Temperature and Density in the Course of a Solar Eclipse and Their Influence
on the Positive Concentration of Mesospheric Ions,"

In a report entitled "Variations of Mesospheric Ozone Determined from the "Inter-
cosmos' Satellite" W. Lippert, R. Knut and others (GDR) examined the ozome pro-
files in the range of altitudes 55-95 km and their variability with a clear mini-
mum at the mesopause. The data were obtained using photometers carried on satel-
lites.

A report by D, Offerman (West Germany) and others, entitled "Mesospheric Struc-
ture and Anomaltes in the D Region,” outlined a definite scheme attributing the
phenomena of the winter anomaly of the D layer to the combined effect of varia-
tions in temperature, vertical mixing and horizontal wind velocity. A region of
increased NO concentration and increased lonization is formed due to increased
vertical transport from above. A temperature change increases the effect. An in-
creasing horizontal wind drifts the NO cloud and this explains the great tempor-
al and spatial anomaly of the D region. An increase in NO at the expense of the
lower-lying layers is excluded by the authors.

The session of subcommission was devoted to the thermosphere and exosphere. Eight
reports were presented there, of which four were Soviet: two from the Imstitute
of Applied Geophysics, one from the Institute of Applied Mathematics and one from
the Central Aerological Observatory Cne report was from the United States and
three from West Germany.

. Now we will discuss a report by ¥. Champion (United States) entitled "Properties
- of the Mesosphere and the Lower Thermosphere." It contains a section devoted to
turbulent diffusion in the mesosphere and thermosphere. In addition, its author
determined the diurnal variations of the altitude of the turbopause for summer
and winter in the temperate, polar and equatorial latitudes. Also examined is the
relationship between the variability of the equatorial turbopause, temperature at
an altitude of 120 km and the geomagnetic index Ap. It is shown that the turbulent
transfer of heat is the dominating mechanism controlling the energy flux.
+
- A report b, specialists of the Central Aerological Observatory, S. S. Gaygerov,
D. A. Tarasenko, -nd others was devoted for the most part to wind models. An at-
tempt was made to ascertain the longitude differences. For this purpose charts
of the topography of the isobaric surfaces were used in computing the geostrophic
wind. A map of the topograp.y of the isobaric surface 0.001 mb (above 90 km), pre-
sented in the report, was of the greatest interest.

A report by L. Jacchia (United States), entitled "Empirical Models of the Thermo-
sphere and Requirements on Their Improvement," was presented in subcommission 1.2.
It enumerated the factors which must be considered in the modeling of atmospheric
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parameters., It 1s indicated that the use of different solar indices is incor-
rect, It is necessary to use data on ultraviolet and x- radiations obtained from
a satellite,

We will briefly discuss two reports presented at the symposium.

A report by D. Pick and G. Brownscomb (Great Britain) was entitled "First Results
Obtained From Stratospheric Channels of the TOVS Operational Satellite of the
'TIROS-H' Series." The TOVS ("TIROS," Operational, Vertical Sounding) includes
HIRS-2 radiometers (high—-altitude infrared sounding model 2), MSU (microwave
sounding instrument) and SSU (stratospheric sounding instrument). The report de-
scribes the stratospheric fields of geopotential altitudes obtained for the most
part using the SSU. The authors gave the diurnal changes of stratospheric temper-
ature, examined zonal temperatures, presented a comparison of satellite data with
data from rockets and radiosondes, and also compared data obtained simultaneously
by the two satellites "TIROS-H" and "NOAA-6." It was shown that it is possible to
use satellite information in an investigation of stratospheric warmings, and also
in the solution of problems related to theoretical modeling of dynamic processes.

The contents of a report entitled "Evaluation of Stratospheric Meteorological An-
alysis Made Using Satellites and Rockets" were of great interest. The authors
feel that a reduction of the rocket network would have a bad effect on the qual- .
ity of high—altitude charts. The differences between the results of computations
of eddy heat flows and the transfer of moment of momentum according to measure-
ments made on a satellite and satellite data, corrected on the basis of rocket
measurements, indicate the importance of rocket information.

The reports presented at the 23d COSPAR Session made it possible to examine the
directions of work in the field of space meteorologyon which research is being
carriedout in different countries. Abroad studies are being further developed
for the measurement of parameters on satellites, both standard parameters and
atmospheric composition.

The investigations carried out in the United States and Great Britain indicated
the importance of rocket information for correcting satellite materials. Rocket
data are necessary for a proper determination of geopotential and temperature in
the fields of their maximum and minimum values.

. The next COSPAR session will be held in 1982 in Canada.
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 11, Nov 80 pp 127-128

[Article by B. I. Silkin]

[Text] About 65 million years ago numerous species of sea and land animals died
out during an extremely short time span (on a geological scale). All the hypo- -
theses, especially those associated with cosmic factors, could not give an exhaus-

- tive explanation of this catastrophe. -

As reported in GEOLOGY, Vol 6, No 12, and in SCIENCE NEWS, Vol 116, No 21, 1979,
the geologist S. Gartner and the meteorologist G. McGurk, specialists at the Uni-
versity of Texas, speaking at a conference of the American Geological Society,
held in San Diego, California, in December 1979, advanced their hypothesis based
on paleoclimatological and geological daia.

Earlier S. Gartner, in collaboration with G. Kinmney, a scientific specialist with
the Phillips Petroleum oil company, made an analysis of cores of abyssal sedi-
mentary rocks taken from the floor of the North Sea. In layers deposited 65 mil-
lion years ago they discovered a su Jen and complete disappearance of plankton
and animal organisms characteristic for the Cretaceous period (136-65 million

- years ago). They were replaced by species characteristic for the Tertiary (68-1.8
million years ago). This was not unexpected for the researchers. However, in

- that part of the core which related to the Tertiary the organisms characteristic
for the Cretaceous suddenly appeared again. These fossil organisms were encountered
over some time, after which they again disappeared, this time being finally replac-
ed by Tertiary plankton.

It therefore followed that the catastrophe had a selective character and at least
in the North Sea occurred twice. It is probable that in the Late Cretaceous (about
80 milliun yars ago) the Labrador Sea, Baffin Bay and Bering Strait still did not
exist and a: a tresult the Arctic Ocean was an isolated, closed basin. Fresh waters
entering from the -‘vers of Eurasia and North America greatly reduced its salinity.
But 65 million years ago, according to data from geology and geophysics, a tempor-
ary strait developed between Greenland and the Scandinavian Peninsula through
which fresh water began to eunter into the North Sea. This event coincides with the
abundance of animal and plant species of a Tertiary character in the sediments
which were capable of tolerating the reduced salinity of the medium.
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= However, when the strait connecting the Arctic Ocean with other parts of the world
ocean became permanent, all the arctic waters with a reduced content of salts enter-
ed the Atlantic and then the Pacific Ocean and finally covered all these basins
with slightly saline waters. This led to the death of a great many marine organisms,
_ associated with three factors: 1) their nontolerance of a low content of saltsj 2)

a decrease in the quantity of oxygen dissolved in the water; 3) a breaking of the
ecological food chain. ) '

Joining in which these arguments, the meteorologist G. P. McGurk applied this hy-

pothesis to the inhabitants of the land. He pointed out that the Arctic Ocean, iso-

lated from the remaining oceans, during the Cretaceous was approximately 15°C cold-
x er than the other oceans. On the basis of a model of global circulation of the at-

mosphere in the Cretaceous it can be asserted that with sudden outpouring of cooled
Z waters of the Arctic Ocean into the other basins there should be a cooling of the
latter by approximately 10°C. The cooling of the sea, and after it, the atmosphere,
caused a decrease of precipitation which could attain 57%.

This should cause a severe drought, cooling and increase in the seasonal varia-

tions of weather. A considerable part of the rich tropical vegetation, extending
up to that time into the high latitudes, disappeared. The animals depending on it
directly or indirectly perished if they did not succeed in adapting. ’

kkkkk

In SCIENCE NEWS, Vol 116, No 25/26, 1979, it 1s reported that a group of geological
engineers, headed by M. Robinet (University of Idaho, United States), developed a
method for detecting the degree of contamination of ground water using electrodes.
In this method the uncontaminated water is a poor conductor of current and as the
content of dissolved solid substances increases in it this property increases,
Thus, the dissolved substances can serve as an indicator of the degree of water
contamination. The method does not completely preclude the necessity for drilling
in order to confirm facts, but to a considerable degree reduces the errors and ex—.
penditures associated with this.

In this method two steel rods are driven into the ground to a depth of about 30 cm
as a current receiver and two are used as a transmitter. The decrease in current
= strength on the path between the "receiver" and the "transmitter" is dependent on
the local geology and on the quality of the ground water. Such a terrain survey can
be made by a change in the positioning of the network or an increase in the dis-
tance between the rods, which forces the current to flow at a greater depth.

Field tests of the M. Robinet method gave positive results. The United States
Nuclear Energy Commission has signed a contract for testing this method for the
purpose of detecting ground water uranium. contamination forming in atomic industry
sumps. The Environmental Protection Agency in the United States is working out a
national program for using this method for the monitoring of contamination in
ground water dangerous for health.

COPYRIGHT: "Meteorologiya i gidrologiya", 1980

. [4-1864]
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